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ABSTRACT
This dissertation explores learning in context. Undergraduate introductory human
anatomy and human physiology courses are either taught as discipline-specific or
integrated anatomy and physiology (A&P) sequences. These courses are critically
important to future health care professionals yet a consensus is lacking on the optimal
course approach. Our institution underwent a curricular revision to change
pedagogical methodologies from discipline-specific human anatomy and human
physiology to an integrated A&P I and II sequence. Thus, providing a unique
opportunity to study the potential impact of contextual learning. Specifically, over
three years the effects integrating physiological concepts had on anatomy education
were explored as they relate to undergraduate students’ academic behavior and
performance.
The distinct chapters of this dissertation are arranged according to subtopics and
type of data used to inform this research. Chapter 1 qualitatively analyzed student
reasons for their preference in course approach, discipline-specific or integrated A&P.
Chapter 2 used questionnaires and the Approaches to Study Skills Inventory for
Students (ASSIST) to examine how different pedagogical methodologies affected
undergraduate motivation, learning approach (surface, strategic, deep), and study
strategies, and what relationship those factors had on academic achievement. Chapter
3 utilized academic data (lecture exam grades, lab practical grades, and anatomy
content retention rates) to better understand contextual learning influences on
undergraduate student academic performance and anatomy content retention. Chapter
4 presents a mixed-method study of student perceptions on what they found difficult,

confusing, and interesting about anatomy through the perspective of different
pedagogical methodologies. Perception data was collected through word associations,
open-ended surveys, and course evaluations. Additionally, dissertation appendices
contain: A) a brief overview of the development of the A&P sequence, B) a curricular
comparison between discipline-specific and integrated A&P based on the learning
outcomes for each course, and C) a list of the required anatomical structures students
needed to know in both course approaches.
Chapter 1 voiced undergraduate students’ preference for an integrated A&P
course approach over separate discipline-specific courses. The qualitative analysis
determined students felt an integrated course approach would form stronger
connections between the subjects. Students felt these connections would better allow
new information to be built on prior knowledge, making it easier to learn and
understand A&P when taught together. Thematically coded reasons expressed for a
discipline-specific preference are also included in Chapter 1.
Chapter 2 determined incoming motivation was the same between course
approaches with students reporting higher rates of intrinsic motivation overall. Surface
learning increased in the discipline-specific course approach between human anatomy
and human physiology yet stayed steady in an integrated A&P, suggesting learning in
context might reduce surface learning. Across academic outcomes, surface learners
tended to be less successful. They earned lower lecture exam grades, laboratory
practical grades, and retained less anatomy content at the end of the year. Positive
correlations were evident between extrinsic motivation and surface learning as well as
intrinsic motivation and deep learning. Therefore, the relationship between motivation

and academic performance seems to be mediated by a deeper learning approach.
Students displayed incongruence between their conception of learning, their learning
approach, and their preference for teaching style. Even when students reported a
deeper concept and approach to learning, they favored passive study strategies, such as
flashcards and re-reading course notes, which aligned with their preference for a
surface teaching style.
Chapter 3 found students enrolled in the integrated course approach were more
successful on lecture exams and retained more anatomy content at the end of the year.
These findings suggest contextual learning increases academic performance. In areas
where contextual learning was minimal, such as in the lab or between human
physiology and A&P II, differences in academic achievement were not significant.
Research shows student perceptions influence student motivation, learning
approach, and academic success, therefore understanding student perceptions was the
focus of Chapter 4. Undergraduate student perceptions changed more between the first
and second course in the sequence rather than between course approaches. Overall,
students found similar interests, difficulties, and confusion with learning anatomy.
Student perceptions were described through the lens of the implicit and explicit
curriculum. A common theme expressed by students was the perception that learning
anatomy was memorization intensive. This perception could explain student
preference for the passive study strategies seen in Chapter 2. Course evaluation data
revealed significant differences between course approaches. Students in the disciplinespecific course felt the lab complemented their understanding of lectures more than
the integrated A&P students. By contrast, students in the integrated course approach

felt more strongly that the course developed their ability to think critically about the
subject. This indicates contextual learning in the integrated course approach increased
the perception of critical thinking development, perhaps leading to a deeper approach
to learning.
This dissertation found students preferred to have anatomy and physiology
integrated into an A&P sequence (Chapter 1). This integration led to higher lecture
exam grades and greater anatomy content retention (Chapter 3), along with the
perception of an enhanced ability to think critically (Chapter 4). Intrinsically
motivated students had a deeper approach to learning, which led to more successful
outcomes academically (Chapter 2). Student perceptions provided valuable
information on what they consider difficult, confusing, and interesting components of
anatomy content (Chapter 4). Given the more interested a student is, the more
motivated they are to learn—our perception findings suggest that to motivate students,
interest must be maintained through the incorporation and expansion of the implicit
curriculum focused on a personal connection to the content. Implementation of an
instructional design should also be aimed at increasing undergraduate students’
intrinsic motivation to enhance a deeper approach to learning, thereby increasing
academic performance (Chapter 2). Learning anatomy in the context of physiology
aided students’ use of knowledge and reinforced learning. Undergraduate students in
the integrated A&P I curriculum performed significantly better on lecture exams and
retained more anatomy content at the end of the year (Chapter 3). In total, this
dissertation supports planning quality curricular improvements with efforts towards
increasing contextual learning and intrinsic motivation.
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PREFACE
This dissertation is prepared in manuscript format. Chapter 1, entitled “Student
preference for course approach to pedagogically different methodologies in anatomy
and physiology”, has been accepted to the journal Advances in Physiology Education
and is currently under review. Chapter 2, entitled “The relationship between
motivation, learning approach, and study strategies in different pedagogical
approaches to anatomy and physiology classrooms”, has yet to be submitted. Chapter
3, entitled “Learning in context: Undergraduate students’ knowledge and content
retention of anatomy between discipline-specific and integrated course approaches”, is
formatted for submission to Anatomical Sciences Education. Chapter 4, entitled
“Undergraduate student course perceptions in response to pedagogically different
approaches in introductory anatomy and physiology”, was submitted to Anatomical
Sciences Education in October 2020 and is currently in review. The chapters presented
here may be amended for publication. Appendices are presented at the end of the
dissertation and contain data in support of this dissertation but were not included in the
manuscripts.
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1

Abstract
Introductory anatomy and physiology courses are either taught as disciplinespecific courses (human anatomy and human physiology) or integrated sequences
(combined human anatomy and physiology, A&P I and A&P II). This variation
suggests there is no agreed upon pedagogical standard for teaching introductory
anatomy and physiology. We surveyed undergraduate students enrolled in human
anatomy, human physiology, A&P I, and A&P II to determine their course approach
preference, either discipline-specific or an integrated A&P sequence, and the
underlying reasons for their preferences. The literature suggests that understanding
students’ preferred learning environment influences learner satisfaction, level of
achievement, and socioemotional adjustment in the classroom. Our qualitative analysis
revealed students prefer an integrated A&P course approach to a discipline-specific
sequence with “building on prior knowledge”, “easier”, and “increased understanding”
emerging as the top reasons for their preferences. Our findings have implications for
course design and curricular reform.

2

Introduction
Taught to approximately 450,000 students annually in the United States and
Canada (26), introductory human anatomy and physiology serve as foundational
courses for many undergraduate pre-health service programs (1, 28). The course
approach varies between an integrated human anatomy and physiology series (A&P I
and A&P II) or separate discipline-specific courses where human anatomy is followed
by human physiology.
Variation in the degree to which physiology is integrated into introductory
anatomy curricula in the United States and Canada reveals a lack of consensus on the
best pedagogical approach. This is likely due, at least in part, to the scarcity of
research on the effects of different pedagogical approaches (integration vs. nonintegration of physiology) on the learning preferences of students enrolled in
introductory anatomy classes. As part of a larger study, the data presented here
attempts to address the gap in the literature by examining student preferences
surrounding anatomy and physiology as separate, discipline-specific courses versus an
integrated approach to A&P education, following curriculum changes at a doctoralgranting university in the northeastern United States. Given that student preferences
surrounding the learning environment may impact learning outcomes and achievement
(14) and levels of student satisfaction and socioemotional adjustment (22), insights in
this arena can contribute to discussions on “best practices” surrounding A&P
educational approaches and can inform curricular redesign.
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Literature
Pedagogical approaches to teaching human anatomy vary across universities in
the United States, with some instructors teaching anatomical structures systematically
(i.e. muscular system, skeletal system) and others focusing on anatomical regions (i.e.
anatomy of the head and neck, the anatomy of the thorax). There is also variation in
the degree to which physiology is integrated into the anatomy classroom. As separate,
one-semester discipline-specific courses, human anatomy covers all the major
anatomical structures, and human physiology describes their function in the following
semester. Under an integrated approach, it is suggested that the first semester of A&P
typically cover body plan and organization, homeostasis, chemistry and cell biology,
histology, integumentary system, skeletal system and articulations, muscular system,
nervous system, general and special senses, and the endocrine system. The second
semester of A&P would cover the cardiovascular system, lymphatic system and
immunity, respiratory system, digestive system, nutrients and metabolism, urinary
system, fluid/electrolytes and acid-base balance, reproduction, an introduction to
heredity, and embryology (16).
Approaches differ according to university due to several factors that are largely
tied to the needs of the students and school. These include the availability of facilities,
majors offered, the nature of the graduate programs the courses feed into, availability
of faculty, institutional history, and regional norms (10). Canepa and Keyes (2003,
2004) underscored this point by showing that in the Pacific Northwest, an integrated
approach is taught at the majority of both two-year and four-year colleges and
universities (4, 5). However, in California, the majority of campuses present separate,

4

discipline-specific courses in both two- and four-year institutions (5). In Colorado, on
the other hand, A&P is integrated in 100% of two-year colleges and 50% of four-year
institutions (4). In the northeastern United States, Rhode Island state schools offer
anatomy and physiology as separate discipline-specific courses with variation between
a regional-based (head/neck/thorax/upper limb, etc.) or a systematic-based (skeletal,
muscular, cardiovascular, etc.) pedagogical approach (W. Johnson, personal
communication, 10/25/2016).
Much of the available research on pedagogical approaches to anatomy education
has been conducted in the context of medical schools, and there is considerable
variation in expert views on curricular integration of A&P. Hartley, Smith, and
Rosenberg (2018) suggested that human anatomy as a separate course in medical
school may limit student understanding concerning the clinical relevance of
anatomical structures in physiology and pathophysiology (15). They argued that
teaching A&P simultaneously provides valuable opportunities to better relate structure
with function (15). Likewise, Miller et al. (2002) argued that, “integration of form and
function must be explicit and universal across all systems” (24, p. 69) and that “no
place should be more suited for establishing the correct view of anatomy than a course
that integrates anatomy and physiology” (24, p. 75). Other researchers have found that
students in the integrated medical curriculum have better diagnostic skills and
problem-based learning strategies (27), and more excitement for the basic sciences (8).
On the other hand, Canepa and Keyes (2001) made a conceptual argument for
separate, discipline-specific instruction, citing that the completion of human anatomy
before human physiology establishes foundational knowledge and an understanding of
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the interconnectedness of structures along with solid anatomical terminology, thus
providing scaffolding to build a more complex, process-driven physiological
conceptual model (3). These authors argued that separate courses allow for focused
instruction utilizing discipline-specific textbooks and reinforce concepts in physiology
by guiding “students through a study of the human body a second time from a
different disciplinary approach” (3, p. 7).
To date, however, no studies have explored student preferences on these two
distinct curricular approaches, or the underlying reasons behind preferences for a
discipline-specific versus an integrated course approach. We argue here that such
research is needed and can contribute to discussions on best practices for anatomy
education and curricular redesign. For example, research indicates that student
preferences can affect learner satisfaction (11, 12, 29), level of achievement (14), and
socioemotional adjustment in the classroom (22). Student preferences can also provide
insights into what students perceive they need to be successful learners. According to
Chang et al. (2011), the instructional course approach is a mediating factor in learning
environments (7) or the “social, physical, psychological, and pedagogical context(s)
wherein learning occurs and which affects student achievement and attitudes” (13, p.
3). Understanding students’ preferred learning environment “can provide teachers with
practical information to guide reform efforts or attempts to change and improve their
classroom environments” (24, p. 134).
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Methods
Study Site and Research Questions
This study took place between 2017 and 2020 at a large doctoral-granting public
university in New England. In fall 2018, the biology department at this university
decided to integrate previously separate, discipline-specific, human anatomy and
human physiology courses into A&P I and A&P II. The rationale for this decision was
based on two major factors: 1) faculty’s belief that A&P integration could improve
students’ acquisition of basic anatomical knowledge (Appendix A) by providing
appropriate physiological context (20); and 2) students’ articulated preferences
surrounding A&P integration (collected through survey data summarized in this
paper).
The purpose of this study is to report on student course approach preferences and
their stated reasons for these preferences (either discipline-specific or integrated
A&P). We examined survey data collected from 2,459 undergraduate students that
were gathered both prior and post A&P integration. At the onset of our study, this
research (as well as ensuing curricular changes) was guided by the following
questions:
1.What are student preferences surrounding different course approaches
(discipline-specific human anatomy and human physiology or integrated A&P I
and A&P II)?
2.What are the students’ reported reasons for these preferences?
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Study Population – Research Participants
Institutional Review Board (IRB) approval was obtained for this study, (IRBNet
#1007697, HU1617-124). The study population consisted of a convenience sample of
2,459 undergraduate students in large-enrollment introductory courses consisting of
two course approaches, discipline-specific human anatomy followed by human
physiology (cohort 1), and an integrated course approach, A&P I followed by A&P II
(cohort 2). Participation was voluntary and not incentivized.
Incoming demographic characteristics for students enrolled in the first course of
the sequence (human anatomy or A&P I) were obtained from the Office of
Institutional Research for both cohorts. Demographic variables for consented students
are comparable between cohorts and to the enrolled course population. Student
participants were predominantly female (71.61%), White (73.69%), of traditional
college-age (mean=19.14 years, SD=1.87 years), and not of low socioeconomic status
(SES) as determined via federal Pell Grant eligibility (not Pell applicable=76.37%).
Data Collection
Data were collected from undergraduate introductory human anatomy and
physiology students in spring 2017 through spring 2020. To be included in the
analyses, a student had to be over 18 years of age and consent to participate in this
study each semester. A consent rate of 73% and 96% were obtained from students
enrolled in cohort 1 and cohort 2 respectively. The use of an “opt-out” student consent
form began in spring 2018 and is attributed to the increase in consent rates seen in
subsequent semesters. The data analyzed here were obtained from 3,145 survey
responses, 1,546 from cohort 1 (935 responses from human anatomy and 611
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responses from human physiology) and 1,599 from cohort 2 (1,117 responses from
A&P I and 482 from A&P II). Students who repeated the same course were not
included in the data analysis.
For the purpose of examining how student preferences surrounding pedagogical
approaches aligned with other stakeholders’ preferences in anatomy education, we
also collected survey data from faculty, laboratory graduate teaching assistants (TA),
and undergraduate teaching assistants (UTA) during the study period. Space
limitations prevent us from exploring the data from these surveys in detail in this
paper, and so we have instead included a summary of this data in the Appendices.
Preferred Course Approach
To determine undergraduate course approach preference, students completed a
“Welcome to Class” survey via Google Forms at the start of the semester that asked,
“Given the choice, please indicate your preference in course sequence A) Human
Anatomy and Physiology combined into A&P I and A&P II series, B) Human
Anatomy and Human Physiology as separate courses. Please explain why you prefer
(or think you would prefer) this approach”. Responses were qualitatively coded using
thematic descriptive coding (2) and emergent themes were examined. Student
responses were read in their entirety and an a posteriori codebook was developed
reflecting the emergent themes. Individual responses that contained more than one
theme were coded based on the order the theme appeared into primary (occurred first)
and secondary (occurred second) themes and total response rates were generated.
Responses were separated by primary code for each preferred course approach and
read again to ensure consistency within each code. An interrater reliability of 97% was
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ascertained with the help of a research assistant. TA and UTA survey responses were
coded in the same manner. Theme frequencies along with textual quotes from human
anatomy, human physiology, A&P I, and A&P II students are presented here.

Results
The preferred course approach for undergraduate students enrolled in human
anatomy, human physiology, A&P I, and A&P II is illustrated in Figure 1.
Overwhelmingly, undergraduate students in our study reported a preference for an
integrated A&P course sequence (71% total). However, students who were enrolled in
standalone human anatomy classes were more divided in their preferences, with 53%
preferring separate discipline-specific courses. Since human anatomy students follow
up with human physiology, and those enrolled in A&P I go on to take A&P II, Figure
1 also illustrates the overall change in course approach preference between semesters.
[Insert Fig. 1.]
Surveys asked students only to report on preferences during specific periods, and
unfortunately, did not ask students to reflect on why their preferences might have
changed. Thus, the reasons behind the shifting preference of students who had been
enrolled in a stand-alone anatomy classroom are unclear. It may be that, given the
rigor and content-heavy nature of human anatomy, students felt that the option other
than the one they were currently enrolled in might be an easier way to approach the
content. Or, it is possible that students may not have anticipated the benefits of
integration at the start of the semester. Regardless, the majority of human A&P I

10

students (80%) and A&P II students (86%) indicated a preference for an integrated
A&P course approach.
To determine differences in student frequencies of responses between groups,
categorical data on the preferred course approach were compared with a Chi-square
test of homogeneity. All expected cell counts were greater than five (21). There was a
significant preferred course approach difference between students enrolled in human
anatomy, human physiology, A&P I and A&P II, χ2 (3, N=3145)=916.64, p<0.0001.
Student reasons for their course approach preference were thematically coded.
Thematically coding student responses revealed richer insights into the reasons and
rationales used to explain a student’s preference for one course approach over the
other. Fourteen themes emerged from the data, mostly based directly on quotes from
student responses. A summary of the coding frame and themes is provided in Table 1.
An expanded table, with examples of how student responses were coded using this
frame, is provided in Appendix B. The total response rate per theme based on
preferred course approach is presented in Table 2. The top three themes for each
course approach are further explored in this paper.
[Insert Table 1.]
[Insert Table 2.]
Qualitative Findings
In the ensuing discussion, we explore the top three themes related to student
preference for each course approach in further, qualitative detail. The top three themes
were consistent per preferred course approach whether students were in cohort 1 or
cohort 2.
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Student Reasons for Reported Preference for an Integrated Course Approach
The top themes that emerged for students who preferred an integrated course
approach included: 1) “building on prior knowledge” by establishing an immediate
connection between structure and function (35% response rate); 2) the perception that
combining anatomy and physiology is “easier” (19%); and 3) a belief that an
integrated approach would lead to “increased understanding” (14%).
The idea that anatomy and physiology go “hand in hand” (A&P II) and that it
“makes sense” to learn them together was common in student responses. This reflected
many students’ views that learning anatomy concurrently with physiology would
allow them to build on prior knowledge and make immediate connections between
structure and function. One A&P I student summarized this sentiment stating:
It’s best to learn the structure and function of a part of the body in the same
course at the same time so you can understand how and why a body part
performs its function. It doesn’t make sense to learn the anatomy and
physiology separately because you wouldn’t be able to see the relationship
between its function and structure directly.
A human physiology student echoed this opinion, and highlighted their annoyance at
having to previously learn anatomy without the context of physiology, by saying:
I think learning right away what a body system is and all the parts and also
what it does at the same time, really helps right away enforce what it does and
immediately your brain can make the connection. I find it kind of annoying
when I know all this vocabulary but have nothing to apply it to yet. Like if
someone asks me a question (science majors from other schools) I’ve found
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myself saying oh I only learned the vocab, I hardly have any idea what that
organ does or how [it works].
The theme of “building on prior knowledge/connection” was often combined with
the theme of “increased understanding”. Many students who favored an integrated
course approach believed it allowed for improved understanding while also being
more relevant, and useful to their future health care career goals. As one student
expressed:
As for people like me who are going into the health field, I feel that it is
important to learn both the anatomy and the physiology at the same time
because we will need to be able to understand and be able to connect these
pieces of information when we join the workforce.
Responses like these often revealed that students frequently justified their
preference for an integrated approach, based on the logic of contextual learning.
Integrating anatomy with physiology appeals to students who see a contextual
approach as crucial for creating deeper connections between two interrelated
disciplines. In taking them at the same time, students believed they could apply the
knowledge of physiology to recognize the importance of anatomy. As one student
expressed:
In anatomy lab, all we learned was names. It is hard to remember things when
all you need to know is placement and names and not how everything relates to
each other. For you to learn more, and create more and stronger pathways
within your brain, you need to relate those names and terms you learn to
meaningful ideas, such as how they actually work inside the body.

13

This response illustrates the desire for connection between the disciplines as well as
the perception that an integrated A&P approach would be “easier”.
When asking students to identify their preferred course approach, they often
responded with the approach they felt would be easiest with statements consisting of
variations of “it will be easier because…” then listing a secondary theme to support
their preference. Many responses included additional themes such as the “efficiency”
of completing an entire system (i.e. the cardiovascular system), without having a
disruption between semesters, as described by this A&P I student:
I think it is easier to take [anatomy and physiology] together because, for
example, you learn about the heart while also learning its function and how it
works rather than learning about the heart and its parts and waiting a semester
to learn how it works because one might forget details that might be important
for physiology.
Another student shared:
I feel that if we had to learn all the anatomy in one semester and then the
physiology in semester 2, it would be more difficult to do well because for me
personally I know I would need to review a lot in preparation to learn the
physiology of the anatomy we learned in semester 1.
Some responses that were primarily coded under the theme of “easier” were
secondarily coded under the theme of “general learning”. This is an interesting outlook
from students who prefer to have the courses combined as they perceive disciplinespecific courses will be more difficult because it will require them to “relearn”
anatomy while taking physiology. The perception appears to be that relearning
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repetitive content is extra work. As one A&P I student stated, “I like learning what a
body is and then how it functions. Honestly, it makes more sense to learn everything
about a system at once. This way you don’t have to relearn it later on if they were
separated courses”.
Student Reasons for Reported Preference for Separate, Discipline-Specific Course
Approach
For students who preferred a separate discipline-specific course approach, the
main themes were: 1) the idea that material would be more manageable and “less
overwhelming” (21%); 2) they preferred “discipline focused” instruction to include a
more in-depth examination of one topic each semester (18%); and 3) taking human
anatomy first followed by physiology would be an “easier” approach (16%).
The majority of human anatomy students wanted to retain discipline-specific
course instruction. Their top reason for this was they felt that combining curricula
would be “overwhelming” and would require learning “too much information”. These
views were reiterated by human physiology and A&P students who preferred a
separate approach as well. One human physiology student reasoned that separate
anatomy and physiology courses will allow for focused instruction without being
overwhelming:
I feel like it is better for the students to be able to get a semesters [sic] worth
strictly on the structure of the human body and then another semester strictly
on the function. This way we fully are able to focus on the body system that is
being taught at that time rather than being completely overwhelmed with
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information. If I were to be taught both at the same time I would have trouble
breaking down the vast material on what would be expected on the exams.
In addition to the perceived benefits of reducing the content load, preference for a
discipline-specific approach was often justified by students on the grounds that a
separate “discipline focused” curriculum would allow them to explore course topics in
greater depth (and lead to enhanced understanding). As some students explained,
“Having [A&P] separately so that you can really study and understand one subject
before moving on the next”, and, “I think it should be two separate courses, so you can
focus and learn in-depth about each separately”.
Regardless of their preference for a discipline-specific course, many of the same
students acknowledged the importance of integrating the two topics to create a more
cohesive view for success in the health care field. One student reflected:
I think breaking up the topics can be helpful in organization strategies and
study materials. When we go out into the field, we will have to be able to think
of the things in correlation with each other because they all tie together to
create the backbone for us, but I think we need to form this strong foundation
first.
Indeed, it seemed that student preference for separate discipline-specific instruction
was often based on their desire to establish a strong anatomical foundation first while
deploying different study strategies between classes.
This type of learning approach was also considered by a human physiology
student:
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Both HA [human anatomy] and HP [human physiology] are intensive courses
with a lot of work. Both require different styles of learning- one memorization,
and the other application thereof. Furthermore, taking the classes separately
allows the material to essentially be introduced twice, further reinforcing the
content matter. In addition, having to split the combination of HA and HP
means that the body systems would have to be split as well, which may cause
problems in the case of physiology since a lot of the organ systems are
interconnected. Splitting up the content matter may prove to be difficult. I
personally do not see a problem with the way the courses are split up currently.
This response also highlights the students’ awareness of cognitive psychological
principles of learning which describe “relearning”, the act of recalling information
(18), as retrieval practice, and repeated exposure of content over time as spaced
practice (6). A human anatomy student supported relearning anatomy as a way to
increase long-term content retention by saying, “If you do physiology as one class
after anatomy, you will get a refresher on the anatomy as you go, helping to secure it
in your long term memory”. The implication is that the introduction and review of
material that occurs in a discipline-specific course approach would lead to an increase
in content retention.
Students’ beliefs that a separate, discipline focused curriculum might lead to
increased content retention was paralleled by a perception that such an approach
would be “easier”. Cohort 1 students who preferred a separate discipline-specific
course approach provided reasons such as, “It seems like it might be easier to learn
what and where everything is before you learn an in-depth description of what it
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does”, and, “Personally I think it is easier to learn the parts and then learn how they
work rather than putting them together”. Similar responses were given by cohort 2
students who stated opinions like, “I think it would make learning the difficult
material easier”, and, “I believe it is much easier to learn anatomy first before
beginning to learn about physiology”.
The viewpoint that anatomy contains heavy amounts of medical terminology and
would provide foundational language knowledge that could then be applied to
challenging physiological concepts was expressed in student responses. One human
anatomy student stated, “I think learning the terms and vocabulary first and then
learning how they function in more depth after I fully understand the anatomy itself is
easier and less confusing”, claiming it would be easier to first establish foundational
anatomical knowledge then learn physiological concepts. An A&P II student’s agrees,
stating, “I think it would be easier and better to know all of the anatomy and [be]
fluent in all terminology and positioning in order to apply it to physiology”.
One human physiology student summed up multiple themes for both approaches
while also pointing out the perception that anatomy is a memorization course, by
saying:
I liked having the separation from anatomy and physiology because anatomy
on its own was a lot of material that needed to be memorized in a short amount
of time, and I can’t imagine having to learn how everything functions on top of
that. Also, it is nice going into physiology already knowing where all the
muscles and bones are, etc. However, I see how combining the two could be
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very effective since it would be a nice transition from learning where
something is in the body to why and how it works in the way that it does.
In agreement with undergraduate students, TAs and UTAs instructing and
supporting both the discipline-specific and integrated A&P laboratories preferred an
integrated course approach to a discipline-specific approach at the start and end of the
semester (Appendix C). They believed the lesson that structure dictates function is
more clearly attainable in a course approach that integrates A&P, although not all of
the themes were evident in their responses (Appendix D). For example, TAs and
UTAs were not concerned about scheduling issues resulting from a change in course
approach, nor did they mention any misconceptions. Many TA and UTA replies
echoed student (Appendix E) and faculty (Appendix A) sentiments.
TA/UTA Findings
An A&P I TA who completed a discipline-specific course sequence as an
undergraduate student explained that their experience lacked a relevant connection
between form and function. They shared::
The interrelation of form (anatomy) and function (physiology) is vital to the
understanding of biology and so it makes more sense to teach the two
concurrently. When I took [standalone] anatomy, I remember it being very
overwhelming and difficult to memorize these seemingly irrelevant, unrelated
structures. I think connecting anatomy/forms to physiology/functions would
make it both easier to learn and understand as well as make it seem more
relevant to students.
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Discussion
The methods of teaching introductory anatomy and physiology continue to be
widely debated (19) with the fundamental question being what course approach is best
suited for undergraduate students. We surveyed large-enrollment introductory human
anatomy, human physiology, A&P I, and A&P II courses to determine course
approach preference among students. Although students preferred an integrated A&P
course approach, many students who reported a preference for a discipline-specific
course approach saw the benefits of combining A&P, especially in light of their future
health care careers.
Overall, student rationale for preferring one course approach to the other came
down to several main reasons. Fourteen themes emerged from undergraduate students
regardless of course approach preference, with many responses containing more than
one theme. Students who preferred an integrated approach largely talked about
forming connections between the two subjects and building on prior knowledge
immediately to create a strong foundation of both anatomy and physiology. On the
other hand, students who preferred discipline-specific courses felt an integrated
approach would be overwhelming, requiring learning too much information at one
time. Regardless of preference, students desired a deeper understanding of the
material, either as targeted discipline-specific understanding or an understanding of
complete systems (i.e. nervous system) accomplished from learning anatomy and
physiology concurrently. Both cohorts provided rationalizations for their preferences
on the belief that one course approach would be easier. Given anatomy and physiology
are considered difficult classes (30), preferences were largely based on students’
beliefs that one course approach would be best suited for helping them manage these
20

difficulties. Had students been informed that the amount of information, such as the
number of required anatomical structures, cognitive load, assessments, and the course
delivery of interrupted lectures would be the same regardless of course approach, their
responses might have been different.
Driven by the identification of structures and an endless list of terminology, the
perception is that anatomy is learned through memorization. This belief diminishes the
fact that “the true purpose of anatomy is to recognize normal structures and to realize
its role in producing normal function, i.e. to appreciate the interdependence of form
and function” (24, p .75). Students who reported a preference for integration
emphasized the importance and logic of contextual learning. Many students felt
learning physiology at the same time as anatomy would create a more complete
picture of the relationship between structure and function as integration provides
contextual meaning to anatomical structures and associated terminology. Integration
supports contextual learning via the principle of the complementarity of structure and
function, which states that function (physiology) is dependent on structure (anatomy)
and that the shape of a structure relates to and dictates its function. Contextual learning
is evident in responses from students who seek to establish a meaningful relationship
between anatomy and physiology in their preference for an integrated course
approach, as well as those responses that directly state the context of physiology helps
to “make sense” of anatomy. In doing so, students felt less memorization would be
required because the addition of physiology would provide meaning to anatomical
content. Given that TAs and UTAs are students instructing the laboratories who desire
context-specific opportunities to learn (22), it is not surprising that their preferences
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for an integrated course approach were also largely based on contextual learning. The
rationale from TAs and UTAs spoke of the creation of relevant connections between
disciplines through an integrated course approach so that their students would have the
physiological context to understand anatomical structures.
Limitations
These findings should be viewed in light of several limitations. First, participants
used in this study were a convenience sample of classroom students from our
institution, creating a selection bias and reducing generalizability. Second, because
participation in the study was voluntary, data analysis was limited to stakeholders who
chose to respond, creating a sampling bias. Third, the primary researcher for this study
was one of the course instructors, therefore personal bias could be a limitation of this
study.

Conclusions
This study gathered introductory anatomy and physiology student insights into
their preferred course approach to inform our curricular revision process by asking,
“Given the choice, please indicate your preference in course sequence A) Human
Anatomy and Physiology combined into A&P I and A&P II series, B) Human
Anatomy and Human Physiology as separate courses. Please explain why you prefer
(or think you would prefer) this approach”.
Results indicated that students prefer an integrated A&P course approach to a
discipline-specific sequence with “building on prior knowledge”, “easier”, and
“increased understanding” emerging as the top themes. With an 8% response rate, the
theme of “general learning” was not one of the top three themes that emerged from
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students who preferred an integrated course approach; however, student responses in
this category were enlightening. The idea that students enrolled in separate disciplinespecific courses will be tasked with relearning anatomy while taking human
physiology in the following semester was a reoccurring response within this theme,
and is an important insight as integrating A&P could influence anatomical content
retention. Since significant increases in content retention result from retrieval practice
(25, 9) and spaced practice (17), this thinking, and subsequent integration of anatomy
and physiology, might work against long-term anatomical content retention (3) by
decreasing spaced and retrieval practice.
Course design influences and can perpetuate the perception that anatomy requires
learning through heavy memorization. According to Miller et al. (2002), anatomy
taught through simple labeling activities or long lists of required anatomical structures
leads to the perception that anatomy is a course that encourages rote memorization
(24). Instead, their study suggested a course design structured that encourages
observation, exploration, discovery, and analysis through concept-based, problem
solving models. After all, they point out that “memorization is not understanding” (24,
p. 72).
The data generated from this research provides awareness into student reasoning
for their course approach preference to learn anatomy and physiology. Although
student responses indicate a preference for an integrated course approach, many valid
reasons were given for a discipline-specific course approach as well. The data
presented here is part of a larger study examining the effects integrating physiology
has on anatomy education. Our first step in determining whether our department
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should change our course approach from separate discipline-specific to an integrated
A&P was to survey the students to ask their preference and the reasons behind their
preference. This information, presented here, in combination with other affective and
academic data, will be utilized to inform future curricular developments and to
ultimately determine if the course approach preferred by students is the one that they
benefit most from academically.
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Tables
Table 1. Thematic coding frame with textual quotes from human anatomy (A), human
physiology (P), A&P I, and A&P II students are presented here.
Theme

Explanation of Use

Building on
prior
knowledge/
Connections

The importance of establishing prior knowledge by first learning
anatomy then physiology or how these two subjects support each
other, are intertwined and deeply connected

Discipline focus

The assumption that one approach would be easier in some way:
easier to understand, easier to learn, easier to keep up with the
information, easier to remember, and the like.
Applied mostly to students wanting separate anatomy and
physiology courses to allow for more in-depth coverage of one
subject at a time.
Students who focused on the amount of content that needed to be
covered and/or one approach being more or less overwhelming was
assigned the theme of “less overwhelming/too much content”.

Easier

Less
overwhelming/
Too much
information
Increased
understanding

“Increased understanding” covered responses that highlighted the
idea that one approach would lead to understanding the material
better.

Scheduling

Covered the impact a change in course approach would have on
student schedules, requirements for their major or future career
path, and/or the specifics about course design, such as grading or
teacher assignments. Student misconceptions and inaccuracies
about the curricular revision were evident in this theme.

Decreased
confusion

The idea that the course approach they preferred would be less
confusing than the other option.

Undecided

Responses such as “I do not have a preference” (A&P I), “I am not
sure” (A), or “either way works for me” (A&P II).

Previous
experience

Any responses based on “previous experience” was assigned that
theme. These mostly consisted of “I had A&P combined in high
school and liked it that way” (A&P I).

General learning:

Included responses related to learning, such as learning approach,
content retention, recall of information, and/or reinforcement as
“this approach will reinforce what I am learning and help me
remember the details better” (A&P II).

Traditional (It’s the
way it has been
done)

Student preference was based on the traditional way the course has
been taught at our institution.
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Efficiency

Responses focused on time. These students either wanted more time
on a single topic, felt they would not have enough time in an
integrated course, or wanted to “get it over with” (P) looking for the
perceived fastest option available.

How other schools
do it

Responses that discussed how other schools organized their courses

Personal preference

Encompasses vague responses that did not fit into any specific
theme
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Table 2. Thematic code response rates (%) for student course approach preference,
either separate discipline-specific or an integrated A&P sequence. Responses that
contained more than one code were assigned primary and secondary codes, listed here
as a total number of responses per theme.
Code Description
Building on prior
knowledge/connection
Easier
Discipline Focus
Less overwhelming/too
much information
Increased understanding
Scheduling
Decreased confusion
Undecided
Previous experience
General Learning
Tradition
Efficiency
How other schools do it
Personal Preference

Prefer Discipline-Specific
1st
2nd
Response
Code
Code
Rate
62
23
7.52%

Prefer Integrated A&P
1st
2nd
Response
Code
Code
Rate
876
85
35.32%

161
175
206

32
38
26

17.08%
18.85%
20.53%

428
4
33

108
1
10

19.97%
0.18%
1.58%

40
48
34
46
21
27
10
29
1
66

39
3
18
1
2
14
1
7
0
0

6.99%
4.51%
4.60%
4.16%
2.04%
3.63%
0.97%
3.19%
0.09%
5.84%

264
51
11
43
165
100
1
74
11
158

115
5
11
4
11
130
1
17
4
0

13.93%
2.06%
0.81%
1.73%
6.47%
8.45%
0.07%
3.34%
0.55%
5.81%
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Figures
Fig. 1. Preferred course approach (discipline-specific or integrated A&P) for
undergraduate students currently enrolled in a discipline-specific curriculum, human
anatomy (n=935) and human physiology (n=611), or an integrated curriculum A&P I
(n=1117) and A&P II (n=482). The difference in preferred course approach between
courses was significant, p<0.0001.
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Appendices
Appendix A. Pro and con list generated by faculty from nursing, kinesiology,
pharmacy, and other majors affected by a potential change in course approach, to
decide whether to keep discipline-specific human anatomy and human physiology
courses or integrating the courses into a combined A&P I and A& P II sequence.
Pros and cons for keeping separate discipline-specific courses.
PROS
CONS
Emphasis on each subject
Difficulty with the transferability of
credits.
Subject-specific textbook
Cost- It is more expensive for the
student because they are required to
buy two textbooks a year rather than
just one.
Increases student flexibility in course
Disconnect between form and
selection. Students can take only human function: Anatomy is a descriptive
anatomy (a complete course) instead of
science, concentrating on the
a full year of A&P.
structures of the human body, this
requires a vast amount of
memorization by the students. This
memorization is done without the
benefit of relating the various
structures to their functions, which
leads to decreased retention of the
material.
We teach a functional anatomy course
Physiology lectures require an
and physiology must review anatomy
anatomical review, time that could be
when introducing concepts. Repetition
spent covering new material is spent
and spaced practice of material lead to
reviewing content that was covered,
content retention.
but not retained, in anatomy.
Faculty are content experts and are not
There are more course materials
trained in both disciplines.
available for A&P I and II than for
anatomy and physiology separately.
Allows students who are concurrently
taking chemistry and anatomy to gain a
semesters worth of chemistry
knowledge before taking physiology.
Students master the study skills they
need for physiology. They learn the
language first. Their learning is
scaffolded.
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Pros and cons for integrating courses into an A&P I and II sequence
PROS
CONS
An integrated approach to the course
The potential loss of content
content. – “It just makes sense to teach
(specifically anatomy).
structure and function together”.
Potential increase in anatomical content Both subjects may not be required for
retention.
all students.
Potential increase in the material
covered because the anatomical review
will not be necessary, as the anatomy
portion of a particular system will just
have been covered in the same course.
Instructors may have the same students
for both semesters, which may be
beneficial to the students because of the
increased continuity.
Reduced course material cost to
students.
Increased critical thinking.
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Concern about instructor expertise

Not enough time to delve deeper into
specific anatomical or physiological
concepts.

Appendix B. Thematic coding frame with examples of undergraduate students
enrolled in human anatomy (A), human physiology (P), A&P I, and A&P II who
responded to the question, “Given the choice, please indicate your preference in
course sequence A) Human Anatomy and Physiology combined into A&P I and A&P
II series, B) Human Anatomy and Human Physiology as separate courses. Please
explain why you prefer (or think you would prefer) this approach”.

Theme
Building
on prior
knowledge/
Connection
Easier

Example from students
who prefer a disciplinespecific course approach
“I would rather know all of
the structures and their
names before I got into their
functions and how they
work” (A).
“Physiology will be easier
once the terms of anatomy
are first understood and
comprehended” (A).

Discipline focus

“It allows one to focus more
directly on specific topics”
(A).

Less
overwhelming/
Too much
information

“I would like to approach
both subjects separately
because I feel like I’d
become more overwhelmed
if both subjects were taught
at the same time” (A)
“I believe learning them
separately will give me a
better understanding of each
aspect” (A).

Increased
understanding

Scheduling

“I don’t want to commit to a
year long class. I might
change my mind or even
what major I want so I just
think it is easier to keep as
two separate classes” (A).
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Example from students
who prefer an integrated
A&P course approach
“Allows a better correlation
between material” (A&P II).

“I think learning the parts of
the body and what they do
at the same time is easier
than during two different
semesters” (A&P I).
“Anatomy first, then
physiology, because it is
beneficial to know the gross
anatomy before learning the
physiological processes”
(P).
“Learning all aspects of the
systems in the body would
be more manageable then
splitting it up” (A).
“I feel like it allows for a
better understanding of the
body if you can learn what a
part of the body is as well as
how that specific thing
works” (A&P II).
“Most PT schools prefer it”
(A).
Examples of a
misconception: “Combined
makes it less stressful on the
students schedule and

Examples of a
misconception: “I like it
better this way, as you get
more credits” (A).

Decreased
confusion

Undecided

Previous
experience

General learning:

Traditional (It’s
the way it has
been done)

Efficiency

“A year-long course may not
fit into every students’
schedules” (A&P I)
“It would be less confusing
and focus on one subject”
(A).

“I don’t really have a
preference, but I think that I
will like being able to first
identify the parts of the body
before learning their
relationships with each
other” (A).
“This is the approach I have
taken before and it is
familiar” (A).
“I think learning all of the
body parts and systems
separately first and then
learning how they work
together and function after
makes it easier to solidify
knowing the information and
being able to recall it later”
(A).
“It’s the way it was always
done so it must be good”
(A).

“It would be more efficient
to cover one base completely
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allows the student to finish
the class faster” (A).
“one less class to take”
(A&P I)

“I feel that it is more
beneficial to learn about
something and its function
at the same time than
separate because it could get
confusing just learning
about one first then learning
its function totally separate”
(A&P II).
“I think it’s nice to have
them combined and working
together but I also wouldn’t
mind the courses separate if
given the opportunity”
(A&P II).
“I took Human Anatomy &
Physiology as a yearlong
high school course so I
prefer them combined”
(A&P I).
“Learning both function and
location at the same time
helps reinforce information”
(A&P II).

“Well I feel as though it was
combined for a reason so it
must be the better option, I
haven’t taken the class yet
so I suppose it’s hard to
tell” (A&P I).
“Anatomy and physiology
go hand-in-hand, so I think

before moving onto another”
(A).

How other
schools do it

Personal
preference

it’s a lot more efficient to
learn them together than
have to learn things twice”
(A&P I).
“Every other school does it
this way” (P).

“I have friends who go to
different schools and take
A&P I and II, and they said
they wish they had it like me,
where they learn all the
anatomy of the body and
then the physiology. Instead,
of learning half of both in 2
separate courses” (A).
“I prefer this approach
“I like learning both at
because I believe it’s best to once” (A&P II).
separate the two than
combine it” (A).

36

Appendix C. Preferred course approach from TAs/UTAs instructing either a
discipline-specific laboratory at the start (n=34) and end (n=19) of the semester or an
integrated A&P lab at the start (n=37) and end (n=16) of the semester.
100
90

Response Rate (%)

80
70
60
50
40
30
20
10
0
Discipline-Specific
TAs/UTAs Start

Discipline-Specific
TAs/UTAs End

Integrated A&P
TAs/UTAs Start

Integrated A&P
TAs/UTAs End

TAs/UTAs Course Approach Preference at the Start and End of the Semester
Prefer Discipline-Specific
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Prefer Integrated A&P

Appendix D. Laboratory Teaching Assistants (TAs) and Undergraduate Teaching
Assistants (UTAs) thematic code total response rates (%) for course approach
preference, either separate discipline-specific or an integrated A&P sequence.
Responses that contained more than one code were assigned primary and secondary
codes, listed here as a total number of responses per theme.
Discipline-Specific
Preferred Course
Approach

Integrated A&P
Preferred Course
Approach

1st
Code

2nd
Code

Response
Rate

1st
Code

2nd
Code

Response
Rate

Building on prior
knowledge/connection

1

1

9.38%

44

4

45.28%

Easier

2

0

6.25%

14

2

15.09%

Discipline focus

3

2

15.63%

0

0

0.00%

Less
overwhelming/too
much information

7

1

25.00%

0

1

0.94%

Increased
understanding

1

0

3.13%

5

7

11.32%

Scheduling

0

0

0.00%

0

0

0.00%

Decreased confusion

0

0

0.00%

0

1

0.94%

Undecided

0

0

0.00%

0

0

0.00%

Previous experience

4

2

18.75%

5

2

6.60%

General learning

2

1

9.38%

4

4

7.55%

Tradition

1

2

9.38%

0

0

0.00%

Efficiency

0

0

0.00%

0

0

0.00%

How other schools do
it

0

0

0.00%

1

1

1.89%

Personal preference

1

0

3.13%

11

0

10.38%

Code Description
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Appendix E. Thematic coding frame with primary examples from laboratory teaching
assistants (TA) and undergraduate teaching assistants (UTA) in human anatomy (A),
human physiology (P), A&P I, and A&P II who responded to the question, “Given the
choice, please indicate your preference in course sequence A) Human Anatomy and
Physiology combined into A&P I and A&P II series, B) Human Anatomy and Human
Physiology as separate courses. Please explain why you prefer (or think you would
prefer) this approach”.

Theme
Building on
prior
knowledge/
Connection

Easier

Discipline focus

Less
overwhelming/

Example from TAs/UTAs
who prefer a disciplinespecific course approach
“For physiology, I think it
really helped me to have a
strong anatomy background
while learning new and
challenging materials”
(anatomy UTA).
“While I like that A&P
integrates the two, I think that
separating the classes is easier
on the students and also
promotes more in-depth
learning” (A&P I TA).
“I think it is better to have
separate courses so students
can focus on one topic at a
time. I took anatomy and
physiology as separate
courses here at URI as an
undergrad. I think anatomy
and physiology are different.
Students should fully
understand anatomy first
before moving on to
physiology, which builds off
the knowledge and
understanding of anatomy.
Combining two courses into
one makes students learn both
topics simultaneously, which
can be difficult. Anatomy is a
more basic course, whereas
physiology is more advanced”
(A&P I TA).
“I think this approach
[discipline-specific] is less
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Example from TAs/UTAs
who prefer an integrated
A&P course approach
“I think it allows the
material to be taught in a
more comprehensive
manner” (anatomy TA).
“Much of the topics covered
in anatomy are easier
understood with a
physiological explanation”
(anatomy UTA).
No responses

No responses

Too much
information

Increased
understanding

Scheduling

overwhelming, as it allows for
a mastered basis/foundation
of anatomy prior to learning
the function” (physiology
UTA).
“Students will understand
physiology better with a
foundation of anatomy. By
learning anatomy first,
students are not only
revisiting the information
learned in anatomy in
physiology to better
memorize it but are also more
likely to understand the
information better with a solid
base for understanding the
structures before functions.
Individuals learn by
repetition” (A&P I UTA).
No responses

Decreased
No responses
confusion
Undecided
No responses
Previous experience “That was how I took the
class when I was in undergrad
and it seemed more cohesive
to me. Right now with the
combined anatomy and
physiology, it can sometimes
feel like we are jumping
around to make physiology
stuff fit into the course, while
the primary focus [in the lab]
is obviously anatomy” (A&P I
TA).
General learning:
“I think that having the course
separate would increase
retention of material. You
would need to utilize the
anatomy you learned in the
first course to apply it to the
physiology of the second
course” (A&P I and A&P II
UTA).
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“Students have questions
about physiology while
learning about anatomy.
Combining these subjects
answers the questions while
strengthening understanding
of why anatomy is a specific
way and how this enables
bodily systems to work
together” (A&P II UTA).

No responses
No responses
No responses
“I myself took the combined
A&P I and A&P II coursed
in undergrad. I thought it
was difficult, but I feel like I
would have better retention
when learning about
anatomy and function at the
same time. I also feel like a
class focused on rote
memorization would get
boring quickly” (physiology
TA).
“In my opinion being able to
understand the physiology
and how the body works
helps me learn and absorb
the anatomy” (A&P I UTA).

Traditional (It’s the
way it has been
done)

Efficiency
How other schools
do it
Personal preference

“Because I am used to it this
No responses
way [discipline-specific] and
it is less content for an
inexperienced TA to learn and
master” (physiology TA).
No responses
No responses
No responses
“It is more consistent with
most other universities
approach” (physiology TA).
“I have not experienced them “Although I have only taken
as a combined course so I
it separately, I can already
cannot prefer one over the
see the benefits in the lab of
other. However, I think that
combining them together,
combining them is not a good and I can only imagine how
idea” (physiology UTA).
those benefits come about in
the lecture as well. I am
anxious to see how it all
turns out in the long run,
and I have high hopes for its
success” (A&P II UTA).
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“We do not learn from experience. We learn from reflecting on experience”
(Dewey, 1933, p. 78).
Abstract
Student motivation and approach to learning affects academic performance and
content retention. Therefore, educators need to explore undergraduate students’
perceptions and attitudes in these educational areas. Motivation, learning approach,
and study strategies were examined in two course approaches, discipline-specific
human anatomy and human physiology, and integrated anatomy & physiology (A&P I
and A&P II) as they relate to academic achievement and anatomy content retention.
The Approaches to Study Skills Inventory for Students (ASSIST) was used to
establish a student learner profile and revealed incongruence between students’
concept of learning, their learning approach, and their preference for teaching style.
Differences between course approaches were evident in student learning approach and
learner profile. However, regardless of course approach, incoming students displayed
higher levels of intrinsic motivation, which was correlated with deep learning, and
extrinsic motivation, which was correlated with surface learning. Across outcomes,
surface learners tended to be less successful academically, earning lower lecture exam
grades, laboratory practical grades, and retaining less anatomy content at the end of
the year. Surface learners also spent less time studying and predicted a lower grade.
The relationship between motivation and academic performance seems to be mediated
by a deeper learning approach. Students favored surface study strategies, such as
flashcards and re-reading course notes. Findings presented here strengthen the idea
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that instructional design should encourage intrinsic motivation, a deeper approach to
learning, and effective study strategies.

Introduction
Part of the mission of higher education is to help students become effective
learners (Cebeci et al., 2013). This is because a student’s approach to learning will
influence the quality of knowledge they acquire (Newble & Entwistle, 1986) and
potentially their future educational pursuits (Mansouri et al., 2006). Educators have a
responsibility to identify different learning approaches in their students and help them
develop effective study strategies (Eleazer & Kelso, 2018; Tait & Entwistle, 1996;
Duckwall et al., 1991) in an environment that “promotes motivation to master and
acquire a deep understanding of course material” (Smith et al., 2010, p. 2). An
overview of motivation, learning approach, and study strategies is presented here.
Motivation
Motivation has been well studied for decades in education. Pertaining to
academics, motivation is largely used to explain the kind and amount of effort students
are willing to put into a particular activity (Entwistle, 1998). In this context, there are
two motivational categories, intrinsic and extrinsic (Deci & Ryan, 2000). Students
who are intrinsically motivated are internally driven. They find “inherent satisfaction”
and enjoyment for learning, and pursue knowledge in areas of interest, whereas
extrinsically motivated students are driven by outside sources and seek learning as a
way to obtain external awards, such as grades or future employment. Motivation is
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influenced by environmental factors, such as student expectations, instructional
design, curriculum, assessment, and the teacher (Atalay et al., 2016; Keller, 2008).
Motivation is a critical determinant in learning and academic achievement (Abdel
Meguid et al., 2020; Maurer et al., 2013; Entwistle, 1998). A lack of motivation can
lead to educational failures. A decrease in overall motivation may hinder effective
studying, thus indirectly influence academic outcomes (Husmann, 2018). Students
who lack motivation may spend less time studying and subsequently earn lower grades
(Evensen et al., 2020). Successful students, on the other hand, are often described as
being intrinsically motivated (Keller & Suzuki, 2014). In A&P courses, students who
reported a higher motivation to succeed performed better in class (Sturges et al., 2016;
Maurer et al., 2012). Abdel Meguid et al. (2020) analyzed the motivation of allied
health majors in chiropractic, dental, and medical programs and found 84% were
extrinsically motivated to earn good grades to be competitive in their future careers.
Entwistle (1998) pointed out that motivation affects, but is also affected by, academic
performance, thus earning good grades can increase motivation in students.
Learning Approaches
Pioneering research on study approaches and their impact on learning by Marton
and Säljö (1976) applied the phrase “approach to learning” to distinguish the strategies
students utilize to complete a learning task. They categorized two levels of processing,
surface and deep, based on the attention a student gave a reading passage needed for
later use. Surface learners focused on the content in order to recall it through rote
learning strategies, whereas deep learners tended to focus on the meaning of the
content with the intent to understand (Marton et al., 2005; Marton & Säljö, 1976).
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Learning research now generally recognizes three distinct approaches to learning:
surface, strategic, and deep (Newble & Entwistle, 1986). Surface learners focus on
memorization and rote learning to remember and recall facts (Entwistle & Smith,
2002) with the intent to manage course requirements (Entwistle, 1997). These
students tend to replicate course content to meet external demands (Ward, 2011) with
the concern of “getting it right” (Ward & Walker, 2008, p.70). In contrast, students
who adopt a deep learning approach are described with the ability to relate new
information to prior knowledge in a meaningful way in order to understand (Trigwell
& Prosser, 1991) and be actively engaged in the content (Entwistle, 1997). Strategic
learners are motivated by grades and vacillate between deep and surface approaches to
successfully navigate course and assessment requirements (Newble & Entwistle,
1986). Strategic learners are often competitive yet end up with an incomplete level of
understanding (Mansouri et al., 2006).
Entwistel et al. (1997) categorized students into surface, strategic, and deep
learners, each with distinct subscales (Appendix A). Deep learners seek meaning,
relate ideas, use evidence, monitor effectiveness, and are motivated by their interest in
ideas. Strategic learners organize studying, manage their time well, are attentive to
assessment demands, and are motivated by achievement. Surface learners, on the other
hand, lack purpose and rely on unrelated memorizing and a defined syllabus with clear
instructions. Largely surface learners are motivated by a fear of failure.
A student’s motivation can affect their learning approach (Lucas, 2001).
Intrinsically motivated students have a desire to learn, suggesting interest and
involvement in the subject material leads to a deeper learning approach (Everaert et
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al., 2017). Additionally, a deep learning approach “creates positive feelings of interest,
sense of importance, challenge, and exhilaration” (Cetin, 2015, p. 141), which can
increase motivation. Students who are extrinsically motivated, however, might lean
towards a more superficial approach to learning when enrolled in the course only to
meet program requirements, or are otherwise not interested in learning the content.
Extrinsically motivated students focused on external awards, such as grades or future
career placement opportunities, and tended to adopt a strategic learning approach
(Entwistle, 1998).
Approaches to learning have been well researched in the literature from various
perspectives (Eley, 1992) and across disciplines, such as medical and law students
(Cebeci et al., 2013), nursing and midwifery (Mansouri et al., 2006), introductory
chemistry (Brown et al., 2015), and pharmacy (Kalungia et al., 2019). Student
approaches to learning are changeable and influenced by several factors, including
course assessment, curriculum, educational goals, previous experience, time
commitments, and perceptions of the learning environment (Atalay et al., 2012; Smith
& Mathias, 2010; Kjellgren et al., 2008; Mansouri et al., 2006; Webster, 2002; Prosser
& Trigwell, 1999). Since assessment drives learning (Choudhury & Freemont, 2017;
Newble, 2016), those assessments that require basic recall of information, such as
defining terms or identifying structures, select for a surface learning approach. Cetin
(2015) goes as far as to say the occurrence of surface learning “indicates that
something is dysfunctional in the methods of education or assessment” (p. 141). A
deep learning approach, on the other hand, would be encouraged in course
assessments that require evidence of understanding and the ability for the student to
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make meaningful connections with the content (Ward, 2011; Smith & Mathias, 2010).
Stanger-Hall (2012) suggested that the use of multiple-choice questions impedes
critical thinking and encourages less active study strategies. Progressing students from
a surface-level recall of factual information to deeper levels of cognitive ability, such
as through the use of short answer assessments, promotes understanding and
conceptualization (Hall & Durward, 2009).
Significant correlations have been reported between the learning approach and
student academic performance. Deep approaches to learning have been correlated with
an increase in academic achievement and meaningful outcomes, whereas surface
learning leads to poorer academic performance (Everaert et al., 2017; Ward, 2011;
Smith & Mathias, 2010; Ward & Walker 2008). Medical students who adopted a
surface approach to learning anatomy had lower final grades (Pandey & Simitat,
2006), as did students who changed their learning approach from strategic to surface
during their first year (Ward, 2011).
Research shows that students adjust their learning approach in response to the
learning context they encounter (Kjellgren et al., 2008; Lucas, 2001). McMahon
(2005) argued that students will adopt a surface learning approach when confronted
with a course that is perceived as content-heavy, a common workload view of
introductory courses. Deep and strategic learning increased and surface learning
decreased when the clinical context was expanded in a physiology class (Abraham et
al., 2006). An integrated curriculum encourages students to construct knowledge from
different disciplines and perspectives (Ward & Walker, 2008), suggesting that the
instructional design of the curriculum may assist in deep learning.
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Study Strategies
Study strategies are defined as “strategies that students employ with the intent of
learning” (Eleazer & Kelso, 2018, p. 497) and can be considered either passive or
active. Passive strategies (i.e. memorization, reading, recopying) emphasize receiving
information, such as from course supplied notes, and active strategies (i.e. peer
tutoring, lab study) focus on engagement with the content (Husmann, 2018; Ward &
Walker, 2008).
Research has examined the relationship between different courses and study
strategies. Over a year and a half long study, Marton et al. (2005) found social science
and humanities students did not vary their study strategies in spite of extensive content
variation between courses. This trend was also seen in bioscience, business, and
sociology undergraduates (Edmunds & Richardson, 2009). Husmann et al. (2015)
examined the study strategies utilized at two medical schools in discipline-specific
human anatomy and human physiology courses. Anatomy students favored reviewing
lecture notes, taking practice examinations, completing learning exercises, and making
drawings. The top reported study strategies stayed relatively the same when students
were enrolled in physiology. Edmunds and Richardson (2009) suggested the
consistency observed in study strategies stems from a student’s concept of learning,
rather than being adjusted for a specific discipline or based on course requirements.
Study strategies have been shown to influence academic outcomes in anatomy
courses (Smith & Mathias, 2010; Ward & Walker 2008). Selvig et al. (2015) found
medical student use of passive study strategies, such as re-writing or re-reading class
notes, correlated with lower grades. Ward and Walker (2008), however, found no
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significant difference between anatomy grades or content retention and study
strategies, noting students in the top fifth of the class were just as likely to use passive
strategies as the bottom fifth. Self-reported study strategies for students in anatomy
and physiology were not significantly correlated with academic achievement, yet
students who altered their study strategies between anatomy and physiology classes
tended to have lower final grades (Husmann et al., 2016).
Contribution of This Study
Introductory anatomy and physiology courses serve as a major requirement for
allied health programs (Johnston, 2010; Miller et al., 2002; Schutte, 2016) and are
perceived as “gateway courses” due to their potential to limit academic progression or
hinder program acceptance (Fournier et al., 2017). Considering the integral role
anatomy and physiology courses play in the curriculum of future health care
professionals, it is important to acknowledge the affective domain of learning (Hartley
et al., 2018) by examining the influence of motivation, learning approach, and study
strategies on academic outcomes.
How a student approaches learning can be tied to the learning environment
(Kjellgren et al., 2008) and overall instructional design (Eleazer & Kelso, 2018), and
can differ based on the subject (Darlington, 2019) and pedagogical methodology
(Prosser & Trigwell, 1999). Anatomy and physiology courses are taught to
approximately 450,000 undergraduate students annually in the US and Canada as
discipline-specific or integrated anatomy and physiology (A&P) (Brashinger, 2017),
without consensus on how these courses should be taught (Wehrwein et al., 2020). In
fall 2018, our institution underwent a curricular revision to change our course
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approach from discipline-specific, human anatomy followed by human physiology to
an integrated A&P I and II sequence. This change presented us with the unique
opportunity to explore the potential role course approach has on undergraduate
motivation, learning approach, and study strategies.
Research on learning in human anatomy and human physiology courses finds that
students often resort to memorization and rote learning, leading to a short-term and
superficial understanding of the content (Drake, et al., 2002). Although research on the
science of learning has occurred for decades, little is known about the impact that the
specifics of course approach (discipline-specific vs. integrated) has on undergraduate
anatomy and physiology students. To address this knowledge gap, this study aimed to
determine the relationship between motivation, learning approach, and study strategies
of undergraduate students enrolled in two different pedagogical methodologies,
discipline-specific (human anatomy and human physiology) and integrated (A&P I
and A&P II). Further, this research aimed to investigate the impact these educational
areas have on academic achievement (lecture exam grades, laboratory practicals) and
anatomy content retention. Determining students’ motivation, learning approach, and
study strategies allows for a well-defined evaluation of the course and assessment
methods, while also identifying students in academic difficulty or who are utilizing
ineffective study strategies (Abraham et al., 2006).
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Methods
Participants
Institutional Review Board (IRB) approval was obtained for this study, (IRBNet
#1007697, HU1617-124), participation was voluntary, and students were not
incentivized. The sample included 2,459 students enrolled in undergraduate
introductory anatomy and physiology classes between spring 2017 and spring 2020 at
a large, public research university in the northeast United States. Table 1 presents the
descriptive statistics for all variables used in the sample. Demographic variables
obtained from the Office of Intuitional Research showed most students were primarily
identified as White (73.69%), female (71.61%), and not of first-generation student
status (69.46%). Additionally, the majority were either enrolled in nursing (23.06%),
kinesiology (17.98%), or pharmacy (15.00%) majors. There were similar proportions
of lecture exam averages with the exception of F, (A, 17.04%; B, 22.10%; C, 19.74%;
D, 27.06%; F, 8.56%). Demographic variables for consented students were
comparable to the enrolled course population.
Course Descriptions
Two course approaches were examined: 1) a separate discipline-specific sequence
consisting of introductory human anatomy followed by introductory human
physiology, and 2) an integrated sequence of A&P I followed by A&P II. At this
institution, these large enrollment courses do not require any prerequisites and are
offered in fixed seating lecture halls Monday, Wednesday, and Friday for three 50minute lectures or on Tuesday and Thursday for two 75-minute lectures per week.
Over this three-year study, the teaching faculty utilized an interrupted lecture format
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with clicker questions embedded within PowerPoint presentations. Instructors met
weekly in an attempt to control variation in pedagogical approaches, depth of
coverage, and ensure consistency in learning objectives (established a priori). Syllabi
were standardized between sections and grades were determined from four multiplechoice unit exams (400 points), in-class clicker questions (25 points), and chapter
multiple-choice homework assignments (100 points) administered through Pearson
Publishing’s Modified Mastering Anatomy & Physiology software. Graduate teaching
assistants, with oversight from a lab manager, taught the corresponding laboratory
sections.
Instruments
To identify weak and ineffective study strategies, Webster (2002) suggested the
use of the Approaches to Study Skills Inventory for Students (ASSIST) along with
reflective activities. These surveys bring awareness to students in how they approach
learning and can affect change when their study strategies do not lead to academic
success. Exam wrappers are one such activity designed to promote reflection and
improve effective study strategies through the self-assessment and evaluation of a
corrected exam (Lovett, 2013). Given before and after an exam, exam wrappers ask
students to critically consider how their exam preparation led to learning success
(Lovett, 2013). These structured reflective activities, based on past exam performance,
can affect changes in learning approach behavior (Craig et al., 2016), leading to
improved academic performance (Proctor et al., 2006).
This study employed three descriptive surveys: a “welcome to class” survey that
included a motivational scale and an open-ended question concerning studying, a self-
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report pre-post exam wrapper questionnaire, and Entwistel et al.’s (1997) ASSIST
research survey (Appendix B). Exam wrapper surveys were given to students before
and after exams via Google Forms. Data presented here were collected from exam 1
pre-wrappers, which included the following questions:
 What do you predict your exam grade will be?
 Approximately how much time did you spend preparing for this exam per
week, on average? (0-2 hours, 2-4 hours, 4-6 hours, 6-8 hours, 8-10 hours, 10+
hours).
 What percentage of your test preparation time was spent in each of these
activities?
 Reading the textbook
 Re-reading your own notes
 Re-writing your notes
 Finding online content
 Reading the PowerPoint
 Flashcards
 Attending tutoring
 Drawing anatomical structures
Questions on the “welcome to class” survey were recorded at the start of each
semester (human anatomy n=1,033, human physiology n=728, A&P I n=1,122, and
A&P II n=479) to determine incoming motivation. Participants were provided with a
list of 15 questions relating to student motivation (Table 2). Example items include: “I
am likely to follow my instructor’s suggestions for studying [course name] because I
would get a bad grade if I did not do what he/she suggests”, and, “I will participate
actively in [course name] because I would feel proud of myself if I did well in the
course”. Responses were scored on a Likert scale from 1 (representing “strongly
disagree”) to 5 (representing “strongly agree”).
The ASSIST questionnaire was used to characterize students as deep, strategic, or
surface learners (Tait & Entwistle, 1996), and to provide a learner profile of each
student (Tait et al., 1998). Students (human anatomy n=691, human physiology
54

n=324, A&P I=817, A&P II=519) completed the ASSIST via Survey Monkey during
the 11th week of the semester. Question items were evaluated by students on a Likert
scale (1 disagree, 5 agree) and scored according to Entwistle et al. (2001) to generate
mean values. Divided up into three sections, the ASSIST can be thought of as a
summary of the student’s “attitude about learning” (Appendix A). Section A, entitled
“What is learning?” contains six question items to assess students’ “concept of
learning” on two scales, either as “reproducing knowledge” (surface) or “learning as
transforming material” (deep). Section B is a 52-item inventory that categorizes
students’ approaches to studying as surface, strategic, or deep, referred to here as
“learning approach”. Used to gather insight into student teaching preferences, Section
C contains eight question items on the two scales of “transmitting information”
(surface) or “supporting understanding” (deep). A student’s learner profile was created
from the three ASSIST sections to measure their attitude about learning, specifically in
the areas of learning, studying, and teaching.
Grade and content retention data were obtained directly from the Scantron output
to calculate the lecture exam average (as a proxy for final course grade), laboratory
practical grades, and anatomy content retention rates. Sixty anatomy questions were
given to students on lecture exams in human anatomy and A&P I to establish baseline
anatomy knowledge. These same sixty questions were presented again on a retention
exam at the end of the year. A retention rate was calculated that equaled the mean
score of the retention exam divided by the mean score of the baseline exam, multiplied
by 100 (Hall & Dunward, 2009).
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Motivation and learning approaches are known to be influenced by other factors,
such as previous achievement (SAT score and high school grade point average (HS
GPA [Sturges et al., 2016]), as well as college major, sex (Kjellgren et al., 2008),
ethnicity, and first-generation status. Therefore, we also considered how these factors
influenced the motivation and learning approaches of undergraduate students.
Statistical Analysis
Motivation. Scales were examined for psychometric properties. Given the large
sample size, the sample was randomly split in half to cross-validate findings using
exploratory and confirmatory factor analysis (Furr, 2017). All 15 quantitative
outcomes were first examined in exploratory factor analysis. This provided an
assessment of the internal structure and informed an empirical division of scale
dimensions. McDonald’s (1999) coefficient omega was calculated as a check of scale
reliability and the magnitude of the loadings was used as a check of internal structure
validity.
Next, based on the results of the exploratory analysis, scales were assessed using
confirmatory factor analysis. This allowed for confirmation of previously identified
factor structure, as well as a statistical control on the known structure to the data.
There were multiple course sections provided by the same instructors over multiple
years. Observations were nested in students, which were nested in classes. The
confirmatory analysis estimated clustered intercepts to control for these known
correlations between observations. Lastly, it was of particular importance to ensure
that the questionnaires were measuring the same constructs for both course
approaches. Factor invariance testing was used to assess the credibility of assuming
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similarity of measurement between course approaches. This was done by estimating
the model independently for each subset of the participants and imposing increasingly
rigid constraints on model similarity. Ensuring that questionnaires fit the data
reasonably well despite assumptions of factor structure invariance was important for
comparing the distributions.
Having identified meaningful factor dimensions, data was compared based on the
course approach. Generalized linear mixed modeling (GLMM) was used to compare
the means for each course. The model estimated differences by course approach (i.e.
differences between discipline-specific: human anatomy and human physiology;
compared to integrated: A&P I and A&P II), course ordering (i.e. differences between
1st course human anatomy and A&P I; compared to 2nd course physiology and A&P
II), as well as their interaction. As previously noted, there was a known structure to the
data as observations nested in students, nested in classrooms. To control for this,
random intercepts and slopes were estimated by student and random intercepts were
estimated by course section. Lastly, the correlations between the first course and
second course were estimated and compared between the discipline-specific and
integrated course approach. This allowed for a direct comparison of attitudes about
learning, and the trajectories over two courses, within the discipline-specific and
integrate course approaches. A multi-trait multi-method matrix was also constructed
based on these codes to examine the validity of the scales. This matrix examines the
correlations and estimates of reliability between a set of assessment tools (Furr, 2017).
ASSIST. The goal was to understand how the ASSIST scale interacted with
student learning within the discipline-specific and integrated course approach. Two
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ways of scoring the ASSIST scale were used, first as a measure of attitudes about
learning, which coordinated to the three ASSIST sections, learning, studying, and
teaching. The second method of scoring focused on section B as a measure of learning
approaches—surface, strategic, or deep. Again, exploratory and confirmatory factor
analyses were used to cross-validate results. The sample was randomly split in half to
avoid overfitting the data. Because there was a total of six expected factors (learning,
studying, teaching and surface, strategic, deep), the eigenvalues of the exploratory
factor analysis were used to consider the credibility of a six-factor solution.
Additionally, the pattern of factor loadings was examined to ensure that the items
tended to correlate with items in corresponding subscales.
The confirmatory factor analysis was specified to be a hierarchical bi-factor
model such that the two sets of three subscale items each corresponded to separate
underlying factors, and that there was a correlation between the factors. Random
intercepts were estimated by the class section because the data were structured as
students nested in classes. The model was stratified between discipline-specific and
integrated course approach. To test the invariance of factor loadings, all parameters
were estimated independently except for the loadings, an assumption for performing
group mean comparisons with multivariate questionnaires. Lastly, for both the
exploratory and confirmatory analysis, coefficient omega was calculated as an
estimate of scale reliability. These methods ensured appropriate internal structure
validity and internal consistency reliability to support the credibility of a group mean
comparison analysis.
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As an additional assessment of the internal structure, a frequency analysis was
performed. The ASSIST can be used to identify the student’s attitudes and perceptions
about three areas of learning: A) their conception of learning (either surface or deep);
B) their learning approach (either surface, strategic, or deep); and C) their teaching
preference (either surface or deep). To further consider internal consistency, students
were classified on each of these subscales and the frequencies were compared. Student
responses to these sections combined to create a learner profile. It was expected that
students classified as surface or deep would likely be classified as surface or deep on
all subscales. This was specifically tested using the chi-square goodness of fit test
under the null assumption of similar proportions of all learner profiles.
Lastly, criterion-related validity of the ASSIST was examined using a multi-trait
multi-method matrix. In this approach, correlations were examined between two
measures that both discriminate between common traits. Two forms of validity were
the focus: convergent and discriminant. In this case, the ASSIST was validated using
the intrinsic and extrinsic motivation scales. Convergent validity could be identified
by significant, positive correlations between intrinsic motivation and a deep learning
approach, and between extrinsic motivation and a surface learning approach.
Discriminant validity could be identified by small and nonsignificant relationships
between intrinsic motivation and a surface learning approach, and between extrinsic
motivation and a deep learning approach. These hypotheses were empirically tested.
Having ensured the psychometric functionality of the ASSIST scale and the
intrinsic and extrinsic motivation measures, means were compared between course
order (first course or second course) and differences by course approach (discipline-

59

specific or integrated) using GLMM methodology. The analysis was first performed
using the three ASSIST measures related to a student’s overall attitude about learning
(learning, studying, teaching) and second, using a student’s approach to learning
(surface, strategic, and deep). The analysis was also performed on motivations to learn
(intrinsic or extrinsic).
Random effects were used to model the relationships between repeated measures
with two time points (first course/second course) and heteroscedasticity by time point
and their correlation. Since students were nested in classes, random intercepts were
included by the course section. Additional predictor variables were also included as
possible confounds. These included measures of class performance (lecture exam
grade average, anatomy content retention rate, and lab practical grade), as well as
predicted score on the first exam, and estimated time spent studying for the first exam.
Motivation (intrinsic or extrinsic) and demographic covariates from the Office of
Intuitional Research obtained from student college application materials (SAT score,
HS GPA), college major, sex, ethnicity, and first-generation status) were also included
as predictor variables.
Study Strategies
To compare the courses in terms of specific study strategies, students were asked
to estimate the percentage of time spent doing eight different study strategies : reading
the textbook, reading notes, rewriting notes, looking online, reviewing PowerPoint
slides, using flashcards, participating in tutoring, and drawing anatomical diagrams.
Mean differences among these outcomes were compared using MANOVA analysis.
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The MANOVA design was used to summarize the sources of differences across the
four classes, human anatomy, human physiology, A&P I, and A&P II.
Learning approaches and study strategies can be oversimplified when analyzed
solely quantitatively (Darlington, 2019), therefore one final analysis was included on
an open-ended question, “What is the best way to study anatomy?” to qualitatively
investigate student perceptions. Human anatomy (n=764), human physiology (n=728),
A&P I (n=1,122), and A&P II (n=479) responses were qualitative coded using
thematic descriptive coding (Braun & Clarke, 2006). Working with an undergraduate
research assistant, student responses were read in their entirety and an a posteriori
codebook was developed reflecting emergent themes (Basit, 2003). Student responses
often contained more than one theme, such as “flashcards and labeling” (A&P I).
Multiple codes were assigned in the order they occurred (primary, secondary, tertiary)
and total response rates were generated. Responses were then separated by primary
code per course and read again to ensure consistency within each theme. A percentage
of agreement, or an interrater reliability score, of 97% was obtained. Any
disagreements were debated until consensus was reached. Next, responses underwent
a quantitative content analysis (Bernard & Bernard, 2013) to determine and quantify
the frequency of emergent themes. Study strategy themes were combined with student
learning approaches (surface, strategic, deep) to determine if differences existed under
the null assumption of equal proportions among all courses.
Data Diagnostics
Table 1 reports the sample characteristics. Across continuous variables, most
variables were reasonably normally distributed (skew > |1.0|, kurtosis > 3.0) and most
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categorical variables were reasonably well represented (group size median = 514
participants). Power was briefly estimated using G*Power software (Faul et al., 2007).
Likely due to the large sample (n = 2,459 students) with repeated measures, even
under the assumption of a small effect size (categorical analysis, W = 0.1; regression
and MANOVA analysis, R2 = 0.02), power was appropriate (categorical analysis,
power = 0.78; regression and MANOVA analysis, power > 0.99).
Since data was collected at multiple time points over the semesters, there was
some concern about missing data. In most cases, data were mostly complete
(approximately 15 percent missing or less). There were some instances where missing
data was more concerning (e.g. time spent preparing for the exam, 37.08% missing).
Fortunately, the outcomes and ASSIST scores were completely observed. This is
important because it indicates that the data were missing at random, that any
missingness was probabilistically associated with the predictor variables and not the
outcome. Data that were missing, for this reason, can be addressed by multiple
imputation methods. Missing values were filled in with likely values given the
observed values for an individual. Importantly, variance based on the variance of the
variable being imputed and error with mean zero was added to each imputation to
account for expected variation. This procedure was repeated multiple times to
introduce random error, which is expected in any dataset. The analysis was completed
on each imputed dataset and the results were averaged. In the case of this analysis, 30
imputed datasets were used. Missing data diagnostic checks indicated this was an
appropriate number of imputations and most effects were reasonably modeled (in most
cases FMI < 0.05, in all cases RE > 0.99).
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Results
Motivation Psychometric Evaluation
Motivation data were first examined to ensure that they were appropriately
distributed for the analysis. For all question items, the full range of possible values
was demonstrated in the data. By and large, most items were sufficiently normal in
distribution (i.e. skew < |1.0|, kurtosis < |3.0|). There was one question item, “I am
motivated to learn human anatomy”, with which most students agreed (M = 4.66, SD
= 0.64, skew = -2.27, kurtosis = 6.54). This item was removed from the analysis.
The exploratory factor analysis demonstrated two primary dimensions (first
eigenvalue = 2.98, second eigenvalue = 1.33, third eigenvalue = 0.50). Two factors
were extracted with an oblimin rotation. The list of motivation question items is
included in Table 2. The two dimensions seemed to represent aspects of intrinsic
motivation (example item, “I will participate actively in [course name] because I
would feel proud of myself if I did well in the course”), and extrinsic motivation
(example item, “The reason I will work to expand my knowledge of [course name] is
because I want others to see that I am intelligent”). Scale reliability for these
dimensions suggested a structure of two, reasonably reliable, independent factors
(hierarchal omega=0.26; intrinsic motivation, total omega=0.80; extrinsic motivation,
total omega=0.69).
There were two items that had small and complex item loadings, related generally
to perceptions of difficulty (“How would you rate the difficulty of this course?”) and
previous experience with course material (“How much experience do you have in
human anatomy or anatomy related course?”). These items were removed and the
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confirmatory factor analysis was performed on the two subscales for intrinsic and
extrinsic motivation.
The models were fit separately because the exploratory analysis indicated a
completely orthogonal factor structure. Results of the factor invariance tests are
presented in Table 3. The intrinsic motivation scale indicated a strong fit and factor
invariance of intercepts and loadings. The extrinsic motivation scale also indicated
reasonable invariance of intercepts and loadings, however, the scale itself was only
sufficient. This suggests that the summed scales for intrinsic and extrinsic motivation
demonstrated appropriate internal structure and consistency for direct comparisons
between course approaches.
ASSIST Psychometric Evaluation
First, exploratory factor analysis was performed on the ASSIST scale using a
randomly selected 50% subset of the data. As many as 17 eigenvalues were greater
than 1.0, however, the scree plot indicated five before the elbow. Because it was
expected that there be a six-factor solution, six factors were extracted and rotated with
an oblimin rotation. Because of the large number of question items on the survey (66
items), the factor structure was not simple, though there were clear patterns. Questions
corresponding to the same subscales (e.g. items representing deep attitudes about
learning, items representing surface attitudes about teaching) tended to cluster with
moderately sized factor loadings (loading > 0.40). Coefficient omega indicated strong
internal consistency for the scale (omega = 0.88).
Next, confirmatory factor analysis was performed on the remaining cases. To test
the assumption of measurement invariance, loadings were constrained to be equal
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between the two course approaches (discipline-specific and integrated). Due to the
large and off-balanced number of question items, it was a concern that model
convergence would be unlikely. To address this, subscales were parceled arbitrarily by
odd and even questions. Factor loadings were generally significant and moderately
large (loading > 0.50). Coefficient omega demonstrated that the scale was more
reliable in the integrated course approach (omega = 0.96) but still strong within the
discipline-specific course approach (omega = 0.91).
Learner Profile
Students were classified by their learner profile based on the ASSIST subscales
(section A: learning, section B: studying, section C: teaching), to see whether there
tended to be congruence between classifications. Learner profile frequencies between
classes are presented in Table 4. A chi-square test indicated that the differential
categorizations were significantly different from the null assumption of similar
proportions among all learner profiles while scaling expectations for course approach
and course order X2 (33) = 7,389.37, p < 0.0001. The most popular learner profiles
each had one degree of agreement (surface learning, deep studying, deep teaching, n =
871 students; surface learning, deep studying, surface teaching, n = 720 students; and
surface learning, strategic studying, surface teaching, n=397 students). While there
existed many instances of incongruence between the subscales, there was evidence of
learner profiles with congruence (14.21%). However, conditions of complete
congruence were only moderately popular (deep learning, deep studying, deep
teaching, n = 238 students; and surface learning, surface studying, surface teaching, n
= 266 students). Surface learning, deep studying, and deep teaching, was the most
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popular learner profile for human anatomy (discipline-specific first course, n = 301
students) and A&P I (integrated first course, n = 471 students). The most popular
learner profile among students in human physiology (discipline-specific second
course) was surface learning, surface studying, and surface teaching (n = 103
students). Lastly, the most popular learner profile among A&P II students (integrated
second course) was surface learning, surface studying, and deep teaching (n = 156
students).
Mean Difference Comparisons
Results were first considered by examining the three “attitudes about learning”
subscales, a student’s concept of learning (“learning”), their learning approach
(“studying”), and their preference for teaching (“teaching”), as a measure of
engagement (Table 5). The main effect between the first and second course was
significant (t (114,324.91) = -67.81, p < 0.0001), and so, too, was the effect of course
approach (t (375,958.38) = -2.10, p = 0.0357) and their interaction (t (86,117.65) =
43.58, p < 0.0001). Figure 1 plots the estimated means by outcome and course.
Overall, students rated learning the highest and studying the lowest. Between human
anatomy and human physiology, students in the discipline-specific course approach
showed decreases in ratings of studying and teaching whereas students in integrated
A&P showed minimal change between A&P I and A&P II.
Covariates were not significantly different between learning, studying, and
teaching for incoming academic achievement (SAT score and HS GPA) and selfassessed performance (predicted grade on the first exam, time spent studying).
However, academic achievement in class was significantly associated with ASSIST
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subscales. Students who had better anatomy content retention tended to have lower
ratings of studying (t (599,703.76) = -2.19, p = 0.0285). Students who had higher
scores on lab practicals tended to have higher ratings of teaching (t (292,246.72) =
2.05, p = 0.0404). Intrinsic motivation was positively associated with ratings of
teaching (t (659.88) = 2.91, p = 0.0036) and extrinsic motivation was positively
associated with ratings of studying (t (630.59) = 3.43, p = 0.0066). Examining the
demographic covariates, pharmacy students tended to have lower ratings of teaching (t
(61,725.70) = -3.59, p = 0.0003). Lastly, students identified as female tended to have
higher ratings of learning (t (2,446.80) = 3.24, p = 0.0012).
Learning Approach
Next, the ASSIST scale was rescored to compare differences by student’s
approach to learning (section B), as a preference for surface, strategic, or deep
learning. Differences were significant by course approach (t (46,670.95) = 3.97, p <
0.0001), course order (t (31,821.58) = 8.75, p < 0.0001), and their interaction (t
(11,458.73) = -4.39, p < 0.0001). Course estimated means are plotted in Figure 2 and
regression results are in Table 6. Strategic and deep learning approaches were the most
frequent and similarly popular across all classes. Surface learning ratings increased
more in the discipline-specific course approach between the first class (human
anatomy, M=3.14) and the second class (human physiology, M=3.41) than occurred in
the integrated course approach between classes (A&P I, M=3.27; A&P II, M=3.36).
Examining associations with covariates, the measures of previous achievement
(SAT score and HS GPA) did not demonstrate meaningful associations, while
measures of current achievement (lecture and lab practical grades, and anatomy
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content retention) showed significant associations (Table 6). Across outcomes, surface
learners tended to be less successful academically, including earning lower grades on
lecture exams (t (993,306.17) = -12.38, p < 0.0001), lab practicals (t (245,875.52) = 4.42, p < 0.0001), and retaining less anatomy content at the end of the year (t
(198,824.51) = -2.05, p = 0.0404). Surface learners also reported spending less time
studying for exam 1 (t (1,763.12) = -2.55, p = 0.0108) and predicted their exam 1
grade would be lower (t (193.91) = -2.73, p = 0.0063). Overall, 65% of students
overestimated their predicted exam 1 grade by either one letter grade 30.70%, two
letter grades 23.35%, or three letter grades 10.07%. Differences in the accuracy of
prediction were seen between learning approach with overestimating occurring with
deep learners (61.57%), strategic learners (56.75%), and surface learners (75.24%).
Demographic covariates demonstrated differences as well. Nursing students
tended to favor surface learning by revealing a decrease in deep (t (16,935.92) = -3.40,
p = 0.0007) and strategic learning (t (10,684.59) = -3.39, p = 0.0007). The same
pattern was seen in female-identified students, who, on average, displayed lower
levels of deep learning (t (786.15) = -2.61, p = 0.0091) and strategic learning (t
(728.76) = -2.66, p = 0.0078). First-generation college students tended to have lower
ratings of surface learning (t (810.90) = -2.34, p = 0.0193). In contrast, students of
color tended to prefer surface learning, followed by deep then strategic learning (t
(12,988.45) = 2.16, p = 0.0308).
Motivation
Comparisons were made between intrinsic and extrinsic motivation measures
(Table 7). The main effects were not statistically significant by course approach or
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course order (first course or second course). Across all classes, students tended to
demonstrate intrinsic motivation on average more than extrinsic motivation (Figure 3).
Few associations with covariates were evident. Students who did better on lecture
exams tended to have lower ratings of extrinsic motivation (t (158,819.14) = -4.29, p <
0.0001). Students who spent more time studying tended to have higher ratings of
intrinsic motivation (t (1,321.20) = 2.39, p = 0.0168). Lastly, pharmacy students
tended to be less motivated in general, across intrinsic and extrinsic motivation (t
(2,332.22) = -2.61, p = 0.0091).
Learning Approach and Motivation
Validity was considered concerning the intrinsic and extrinsic motivation
measures. The results are presented in Table 8. While the correlations were not large,
they were statistically significant in most cases. Convergent validity was demonstrated
by significant positive correlations between measures of depth (deep learning-intrinsic
motivation, r = 0.19, p < 0.0001) and between measures of surface (surface learningextrinsic motivation, r = 0.16, p < 0.0001). Additionally, discriminate validity was
supported in the data. Very small correlations were identified between separate
measures of different traits (deep learning-extrinsic motivation r = 0.04, p = 0.0531;
surface learning-intrinsic motivation, r = -0.06, p = 0.0064).
Students who were more intrinsically motivated tended to rate surface learning
lower (t (376.00) = -4.54, p < 0.0001), in favor of deep (t (1,426.68) = 8.45, p <
0.0001) and strategic learning (t (644.60) = 8.60, p < 0.0001). Students who rated
extrinsic motivation higher, however, tended to have higher ratings of surface learning
(t (1,036.87) = 6.32, p < 0.0001).
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Study Strategies
Students reported a variety of study strategies when asked “What percent of your
test preparation time was spent in each of these activities?” before exam 1 (Figure 4).
To compare the specific study strategies among students, a MANOVA test was
performed. Differences could be identified by course approach (Wilks’ lambda = 0.98,
F (7, 1,694) = 5.51, p < 0.0001), though it was a small effect (eta2 = 0.02). The
stronger effect was the differences between the first course and second course (Wilks’
lambda = 0.93, F (7, 1,694) = 16.98, p < 0.0001, eta2 = 0.07). Lastly, while the effect
of the interaction was quite small (eta2 = 0.01), it was statistically significant (Wilks’
lambda = 0.99, F (7, 1,694) = 3.51, p < 0.0001). The most and least used study
strategies were the same between human anatomy, human physiology, A&P I, and
A&P II students. The most common study strategies were reviewing the PowerPoint
(overall M = 23.28%) and rereading notes (overall M = 18.46%). The least utilized
study method was attending tutoring (overall M = 3.03%). There was more variation
among study strategies for the second courses (human physiology, SD = 7.87%; A&P
II, SD = 7.94%) compared to the first (human anatomy, SD = 5.83%; A&P I, SD =
5.53%). Generally, students reported similar study strategies regardless of their
preferred learning approach (Table 9).
Students were asked “What is the best way to study anatomy?” to determine if
study method responses varied when asked the open-ended question at the beginning
of each semester. The coding frame highlighting the ten themes that emerged,
including examples of student responses, is presented in Table 10 and thematic
response rates per course (Table 11). The most frequent study method reported for
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human anatomy, human physiology, and A&P I was the use of flashcards, including
the online flashcard program Quizlet. A&P II students reported the theme of “practice
and repetition” most frequently. Considerably more variability was reported for the
study method used least often. Human anatomy students reported the least often used
study strategies of “note-taking” at the start and “application” at the end of the course.
A&P I students reported “social learning” and “hands-on” study strategies least often
at the start and end of the course.
Study strategy themes were combined with learning approach (surface, strategic,
deep) in a frequency table (Table 12). Significant differences existed between courses
under the assumption of equal proportions X2 (87, N = 1,294) =1,618.83, p<0.0001,
and between course order (first course: human anatomy and A&P I, X2 (14, N = 941)
=712.98, p<0.0001), (second course: human physiology and A&P II, X2 (14, N = 353)
=905.85, p<0.0001). The themes of “flashcards” and “practice and repetition” were
popular strategies across all courses. “Social learning” was a study strategy used more
by strategic and deep learners in the integrated course approach, particularly during
human physiology. Conversely, in the discipline-specific course approach,
“memorization” was reported more often during human anatomy. Students enrolled in
the discipline-specific course maintained the same study strategies between human
anatomy and human physiology based on their learning approach, whereas integrated
students showed more variability. Surface learners tended to have more specific study
strategies and favored “diagrams/labeling”. Strategic learners preferred “flashcards”
and the study strategy used most often by deep learners was “practice/repetition”.
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Discussion
Research presented here is part of a larger study examining the effects of
contextual learning in introductory anatomy and physiology courses. It is largely
assumed that teaching in context aids students’ use of knowledge and reinforces
learning (Hartley et al., 2018; Lucas, 2001). Given that different contextual factors
influence student motivation (Abdel Meduid et al., 2020), this study sought to
determine if different pedagogical methodologies (discipline-specific and integrated
A&P) affected undergraduate motivation, learning approach, and study strategies, and
what relationship those factors had on academic achievement.
Motivation
There is some evidence to suggest motivation can differ based on course, largely
attributed to teacher effect (Keller, 2008) and level of integration, with increased
motivation seen in interdisciplinary medical classes (Dettmer et al., 2010). However,
the findings in this study revealed no intrinsic motivational difference based on
pedagogical methodology. Furthermore, students were more intrinsically motivated
than extrinsically motivated, regardless of course. This could be because allied health
majors, such as nursing students, are motivated by the perceived importance of
anatomy and physiology to their future professional development (Evensen et al.,
2020) even though they still place prominence on earning good grades required for
their future academic endeavors and career pursuits (Fin et al., 2019).
Motivational differences based on course order were evident, although difficult to
explain. Students in the first course of the sequence (human anatomy or A&P I) had
higher levels of extrinsic motivation than in the second course (human physiology or
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A&P II). This decrease in motivation could be evidence of a teacher effect as the first
courses were largely taught by the same professor. Alternatively, the decrease could
be directly attributed to student perceptions and experiences in human anatomy or
A&P I. These courses are perceived as difficult and time-intensive with a high
workload (Johnston et al., 2015; Dobson & Linderholm, 2015; Sturges & Mauner,
2013). Students with this perception are more likely to display lower motivation in
their studies (Dolmans et al., 2016). Motivation, as it relates to student perceptions of
anatomy and physiology, needs to be researched further.
Associations between motivation and learning behavior were evident in the data.
Intrinsic motivation was correlated with decreases in surface learning and increases in
deep learning, whereas extrinsic motivation was correlated with an increase in surface
learning. Also, students who had higher ratings of intrinsic motivation spent more time
studying for exam 1. More time spent studying has been positively correlated with
deep learning and negatively correlated with surface learning (Everaert et al., 2017).
Although more time spent studying does not necessarily equate to an increase in
academic performance (Selvig et al., 2015; Nonis & Hudson, 2010), results presented
here support previous research findings of a positive relationship between reported
study time, motivation, and academic performance (Sturges et al., 2016). Additionally,
time devoted to studying might be motivated by external sources, such as maintaining
a high GPA, rather than knowledge acquisition (Evensen et al., 2020).
Learning Approach
Learning approaches can be viewed as a combination of motives towards an
educational activity (Dolmans et al., 2016); therefore, we explored student attitudes
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about learning in multiple ways. Learner profiles, generated from the three sections of
the ASSIST (A: concept of “learning,” B: approach to “studying,” C: preference for
“teaching” style), can also be thought of as a measure of student engagement in these
three areas. By examining the combined scores for the ASSIST subscales, researchers
can better understand the student experience. A student who feels engaged and wants
to study, regardless of which learning approach they adhere to, may generate a higher
combined rating in section B (studying). In other words, this analysis can be viewed as
levels and sources of student engagement, i.e. motivated to learn, motivated to study,
and motivated by a particular teaching style.
Students who were more engaged with aspects related to teaching were also more
intrinsically motivated and had higher lab practical scores. Perhaps since the lab
experience is hands-on in a small group setting, it provided a different modality of
student learning and would appeal to students who desired more teacher contact. The
lectures, in contrast, contain hundreds of students with limited teacher-student
interaction. Extrinsically motivated students exhibited higher engagement with
studying, indicating a possible motivation focused on academic outcomes. Overall,
students were more motivated to learn than they were to study.
Regardless of the course approach, a decrease in engagement occurred between
the first and second course. Discipline-specific students exhibited more profound
decreases in their engagement with studying and teaching. One might conclude these
students tended to be more pragmatic—they cared a lot about learning, but lost interest
in studying and also exhibited a decrease in their engagement for teaching in human
physiology. Students in the integrated course approach may be thought of as more
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idealistic: these students maintained interest and engagement in multiple areas of
education (learning, studying, and teaching), suggesting the integrated curriculum was
less disruptive for student attitudes about learning. Hopper (2016) concluded student
engagement was consistent by course level (lower vs. upper-level physiology courses),
format (traditional vs. hybrid A&P I), and curriculum (lecture vs. lecture and lab).
However, data reported here specify fundamentally different trajectories between the
two course approaches with discipline-specific students exhibiting more changes in
engagement between the first and second course.
Learner profile frequencies were developed to explore fidelity between students’
concept of learning, their approaches to studying, and their preferences for teaching
style. Previous research found equivalency between these three educational areas
(Entwistel, 1998), however, the majority of participants in our study displayed a
disconnect between how they conceptualized learning, how they approached studying,
and their preferred teaching style. Most students reported a surface concept of
learning, viewing it as reproducing knowledge that relies on gaining factual
information (Entwistel et al., 1997), yet conveyed a deep learning approach and a
preference for a deeper teaching style. This incongruence confirms the myth that
students know best how to adapt learning to their preferred learning approach
(Kirschner & van Merriënboer, 2013).
The ASSIST survey was also used more specifically to classify student learning
approaches as surface, strategic, or deep, and learning approach differences were
evident between the course approach, course order, and their interaction. This finding
supports previous literature suggesting that the learning approach is variable (Smith &
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McManus, 2015), however, research in this area is inconsistent. Darlington (2019)
showed no statistical differences in learning approach variability between incoming
undergraduate first-years and students in all other year groups at the end of the
academic year.
Learning approaches were more similar between course approaches than between
course order, with greater changes observed between discipline-specific courses. In
our study, surface learning increased significantly between human anatomy and
human physiology. Perception differences between courses could explain the observed
changes in learning approach. A change in learning approach can occur as students
attempt to better align study strategies with curricular requirements (Husmann et al.,
2016), and a perceived content-heavy course, such as anatomy, will likely result in a
surface approach to learning (Dolmans et al., 2016; Ramsden, 1979). Furthermore,
Wilhelmsson et al. (2010) pointed out that learning anatomy “requires the ability to
identify structures and their internal relationships” (p. 154) with a “deficit of
meaningfulness” (p. 153). This thinking suggests a surface learning approach and
coordinated study strategies would suffice. In contrast, physiology is a more complex,
process-driven subject requiring a different approach (Canepa & Keyes, 2001).
Additionally, student perceptions of an integrated course approach are perhaps more
uniform resulting in learning approach consistency between A&P I and A&P II.
Further research in this area is warranted.
A negative correlation was found between a surface learning approach and
academic achievement, supporting previous research (Everaert et al., 2017; Smith &
Mathias, 2010). In all outcomes, surface learners scored lower on lecture exams and
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lab practicals, they retained less anatomy content at the end of the year, and they
predicted lower exam 1 grades, yet still overestimated their performance. Surface
learners also reported spending less time studying for exam 1, which indicates a lower
level of motivation (Everaert et al., 2017; Sturges et al., 2016). These alarming results
stress the importance of interventions to enable and support students to advance
towards deep learning. Given convergent and discriminant validity was evident in
small correlations between learning approach and motivation (deep learning approach
& intrinsic motivation and surface learning & extrinsic motivation), interventions
should be aimed at increasing student intrinsic motivation. Efforts to increase
motivation and foster deep learning approaches that are reflective of the purpose of
learning could boost academic success (Abdel Meguid et al., 2020; Smith &
McManus, 2015).
Study Strategies
As students transition to higher education, they benefit directly from
understanding and reflecting on their attitudes about learning. This information can be
used to acquire effective study strategies and general knowledge of learning science.
Regardless of course, the most common quantitatively reported study strategy in
preparation for exam 1 was reviewing the PowerPoint and the least common was
attending tutoring. Anecdotally, students were asked how they reviewed the
PowerPoint, and they responded with statements like, “We read it over and over again
until it is memorized”. Our qualitative analysis of the open-ended question “What is
the best way to study anatomy?” is in alignment with this observation. Students at the
start of each semester assumed “flashcards” with “practice and repetition” were the
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best ways to study anatomy. Although these evoke retrieval and spaced practice, if the
learners intention is to memorize, these strategies are passive. Thus the most popular
reported study strategies were passive surface-level approaches, which perhaps are
encouraged and reinforced through instructional design and course assessments
(Dolmans et al., 2016).
Due to content distribution, the curriculum is more similarly aligned between
human anatomy and A&P I and between human physiology and A&P II, explaining
differences between course order. Students in the discipline-specific course approach
tended to use flashcards in human anatomy, though they flipped to rewriting notes
during human physiology. Qualitatively, discipline-specific students favored
“memorization” and integrated students favored “social learning”, although this was
the least reported study strategy by all learning approaches. This indicates students in
the discipline-specific course approach focused on passive study strategies that are
directly applicable to learning anatomy and physiology curriculum. Students in the
integrated course approach, however, tended to use active and more creative study
strategies, such as “tutoring” and “drawing diagrams”.
Recoding our quantitative thematic analysis to combine it with learning
approaches revealed similar trends between course approaches. Learning approaches
are not mutually exclusive; therefore, students adopt a range of study strategies to
process the curricular requirements (Pandey & Zimitat, 2007) and variation in study
strategies can heighten understanding (Marton et al., 2005). Discipline-specific
students maintained similar study strategies between human anatomy and human
physiology based on their learning approach, whereas integrated students showed
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more variability. Strategic learners used more “social learning”, particularly during
A&P II, and reported “flashcards” and “practice and repetition” more than deep or
surface learners. A disconnect existed between learning approach and reported study
strategy such that deep learners reported surface study strategies. This important
distinction affects academic achievement and is a fundamentally different way of
engaging knowledge, providing further support that the educational environment and
instructional design influence student learning (Eleazer & Kelso, 2018; Dolmans et al.,
2016).
The amount of surface learning that needs to occur in anatomy before being able
to understand it is higher than other subjects (Smith et al., 2014). Students expressed
the importance of “memorization and understanding” (A&P 2) as the best ways to
study anatomy, supporting the idea that memorization can serve as the foundation for
understanding (Wilhelmsson et al., 2010; Entwistle, 1997). Pandey and Zimitat (2007)
found the majority of students adopted memorization strategies as the primary method
to study anatomy but pointed out successful students combined memorization with
understanding and visualization. Qualitative studies described two trains of thought:
students first learn to memorize followed by understanding or students learn to
understand first and subsequently memorize (Marton et al., 2005). Either way,
students in our study expressed a perceived connection between memorization and
understanding, reinforcing the idea that without surface learning (memorization), deep
learning (understanding) is not possible. This is especially critical in anatomy where
adequate surface learning is more important at the initial stages of learning, creating
the challenge in designing assessments that encourage mastery of anatomical
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structures while fostering the ability to manipulate concepts at a deeper level (Smith et
al., 2014).
Post exam emails from confused students commonly profess such statements as,
“I spent hours and hours studying and did poorly on the exam. I expected to receive a
much higher grade”. Self-assessment and reflection through the use of exam wrappers
attempted to provide students with opportunities to accurately gauge their competence
and critically evaluate their exam preparation (Lovett, 2013). Sturges et al. (2016)
reported a significant association between expected and final grade, with 65.5% of
A&P students overestimating their final grade, almost half by 2-4 letter grades.
Anatomy students who were better at predicting their exam grades were also the ones
who excelled academically (Eleazer & Scopa, 2018). Our findings indicate over 65%
of students overestimated their grades on the first exam, mostly by students with a
surface approach to learning. The discrepancy occurs most often with low-performing
students who tend to overestimate their abilities and have a difficult time recognizing
where they are weak academically (Kruger & Dunning, 1999), such as the utilization
of ineffective study strategies.
Recommendations
Given the importance of anatomy and physiology courses to future health care
professions, we need to consider the optimal course approach for undergraduate
instruction. This study sought to understand the relationship between student
motivation, learning approach, and academic achievement in different pedagogical
methodologies, discipline-specific (human anatomy and human physiology) and
integrated (A&P I and A&P II). Equipped with this information, educators can
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effectively implement evidence-based measures and curricular changes to facilitate
and enhance intrinsic learning.
One suggested curricular mediation shown to foster a deeper learning approach
and more active study strategies is to involve students in the learning process.
However, active learning has been met with mixed results. Eleazer and Kelso (2018)
increased active learning opportunities within an anatomy lab environment and
concluded high-performing students engaged in more active study strategies, such as
social learning, a behavior reinforced through deliberate instructional design. Smith
and Mathias (2010) found active learning assessments that applied anatomy in
contexts, such as dissections and clinical experiences, encouraged deeper learning in
medical students, whereas surface learners failed to see the point of what they were
learning. On the other hand, problem-based learning failed to increase deep learning in
medical students (Papinczak et al., 2008), and gradually implementing case-based
learning into the curriculum also did not encourage deep learning (Baeten et al., 2013).
Furthermore, Kjellgren et al. (2008) concluded that even though health science
students expressed value in active learning (i.e. reflective journaling, group work, and
seminar and conference participation), they still preferred a more traditional approach
to teaching. Participants in our study, except for A&P I students, preferred a
passive/surface approach to teaching where instructors direct students on what notes to
take and assessments are based explicitly on course materials. A qualitative analysis of
medical students, clinicians, and anatomy educators found the most popular teaching
methodology was through lectures and laboratory practicals (Sbayeh et al., 2016),
arguably both surface learning approaches.
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Data revealed meaningful differences in student attitudes about learning, even
when intrinsic motivation was the same between courses. Therefore, for instructors in
a discipline-specific course approach, advocating for pragmatic approaches to
learning, and more direct study strategies may be more motivational. Conversely, for
instructors in an integrated course approach, it may be more motivational to encourage
students to seek engagement outside of class (i.e. social learning) or through creative
projects. While the average motivational quantity may not have been different
between the courses, the quality or the context of the motivation may have been
received differently.
Regardless of student preference, active and integrative learning reform efforts in
science education are in support of involving students in the learning process
(Kjellgren et al., 2008; McMahon, 2005; Lawley et al., 2005). The primary goal of
these reform efforts is to improve student engagement through active participation and
contribution in learning and skill development (Michael, 2006). Students in our study
who had higher ratings of extrinsic motivation, along with those who favored surface
learning, performed worse on assessments. These findings strengthen the idea that
increasing and maintaining intrinsic motivation and implementing instructional design
changes that allow students to advance to deeper learning would best serve
introductory anatomy and physiology students. Ultimately, these efforts will increase
interest, engagement, and academic achievement.
Limitations
The results presented here should be taken in the context of several limitations.
For starters, our participants were a convenience sample of students enrolled at our
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institution and were not heterogeneous. Therefore, caution should be used in
generalizing these results to different populations with varying situational factors
(Russell et al., 2016). Survey data was self-reported and can be biased, selecting for
perceived desired responses from students (Young et al., 2019). Survey fatigue was
evident in student responses as they tended to respond less in the second course of the
sequence, creating uneven sample sizes between classes, requiring missing data
imputations. Another limitation to consider occurred with the learner profile
frequencies. These were generated from the ASSIST survey on the sections learning,
studying, and teaching, based on student responses to Likert questions. Some student
responses were the same between section subscales so they were counted in both
learner profiles. Students exhibited overlapping ranges of deep, strategic, and surface
learning approaches, indicating the unsuitable nature of classifying a learner solely
based on their highest ASSIST subscale score (Darlington, 2019).
Academic achievement measures (lecture exam average, lab practical scores, and
anatomy content retention rate) were generated from Scantron output, therefore any
instructor errors in the answer keys for these assessments would limit our study.
Additionally, multiple-choice questions have been shown to impede critical thinking
and reduce the use of “cognitively active” study strategies (Stanger-Hall, 2012). Their
use could create a bias in participants’ attitudes about learning, their learning
approaches, as well as the study strategies they employed.
The educational environment varies between sections due to situational factors,
such as the time of day, class size, and the educational culture established by the
instructor. In an attempt to minimize the teacher effect, syllabi were standardized and
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sections were consistent on course requirements, curriculum, and content delivery
(interrupted lecture style using clicker questions). Even still, instructor variation does
exist within the education environment and culture of the class and has been shown to
influence the learning process (Kjellgren et al., 2008), which limits this study. Lastly,
participation in this study was voluntary so motivated students likely completed the
survey responses. As a limitation of self-selection bias, this engagement might
influence study results and consideration should be given in their interpretation.

Conclusions
Our study demonstrates a complex relationship between course structures in
anatomy and physiology, the motivation of students in these courses, and the
approaches students utilize to master the material. Student motivation was contextual,
and the nature of it affected their learning approach, which ultimately influenced
academic performance. This study adds to and strengthens the body of literature on the
influence of motivation and learning approaches on academic achievement.
Comparing these educational areas from different pedagogical methodologies in
undergraduate introductory human anatomy and physiology was a novel approach.
Students in the discipline-specific course approach altered their study strategies and
levels of engagement of learning, studying, and teaching between the first and second
courses. Students in the integrated course approach, however, were more consistent
with their engagement.
Overall, we determined intrinsic motivation did not play a direct role in academic
achievement. However, extrinsic motivation was negatively correlated with lecture
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exam grades, and student motivation was associated with their learning approach.
Students who were more intrinsically motivated tended to adopt a deeper approach to
learning. This ultimately led to academic success and increased anatomy content
retention at the end of the year. Therefore, the relationship between motivation and
performance seems to be mediated by a deeper learning approach (Bråten & Olaussen,
2005). Furthermore, intrinsically motivated students had lower ratings of surface
learning. Surface learning increased in discipline-specific courses yet stayed steady in
an integrated course approach, suggesting contextual learning might reduce surface
learning. In both course approaches, surface learners had lower academic achievement
measured with lecture exam grades, lab practicals, and less anatomy content retention
at the end of the year. Students who spent less time studying and predicted earning a
lower exam grade, yet still overestimated their performance, tended to be surface
learners.
Findings presented here can be used in planning quality curricular improvements
with efforts put towards implementing instructional design components aimed at
increasing undergraduate students’ intrinsic motivation and enhancing a deeper
approach to learning. Keeping in mind, the key to encouraging deep learning lies in
student motivation (Meguid et al., 2020). These endeavors will foster meaningful
learning in undergraduate introductory anatomy and physiology courses.
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Tables
Table 1
Sample characteristics.
Variable
High school GPA
SAT score
Lecture exam average
Retention rate
Lab practical
Predicted exam 1 grade
Time preparing for exam 1 a
Approach to studying b
Deep score
Strategic score
Surface score
Attitudes about learning
A: Concept of learning c
B: Approach to learning b
C: Preference for teaching d
Variable
Sex
Ethnicity

First-generation status

College major

Mean
3.73
1200.02
73.03
63.03
76.25
3.40
3.86

SD
Min
Covariates
0.43
2.00
116.41
780
13.81
0.00
14.44
17.50
11.78
25.97
1.30
1 (F)
0.70
1
Outcomes

Max

Skew

Kurtosis

%
missing

5.00
1540
99.50
100.00
98.70
5 (A)
6

-0.13
-0.07
-0.85
-0.04
-0.68
0.30
-0.44

0.61
0.55
1.10
-0.04
0.19
-0.59
0.77

15.69
15.49
0.43
16.72
9.11
38.08
3.93

3.70
4.01
3.29

0.58
0.54
0.67

1
1
1

5
5
5

-0.41
-0.74
-0.03

0.70
0.94
-0.14

0.00
0.00
0.00

4.37
3.26
4.34

0.49
0.64
0.88

1
1
1

5
5
5

-1.10
-0.14
0.24

2.90
-0.59
1.16

0.00
0.00
0.00

Level
Female
Male
White
Not White
Missing
Yes
No
Missing
Nursing
Pharmacy
Kinesiology
Other

N
1761
698
1821
502
145
655
1490
314
567
474
440
978

%
71.61
28.39
73.69
20.41
5.90
26.64
60.59
12.77
23.06
19.28
17.89
39.77

a

1 (Min) = 0-2 hours, 2 = 2-4 hours, 3 = 4-6 hours, 4 = 6-8 hours, 5 = 8-10 hours, 6 (Max) = 10+ hours
1 (Min) = disagree, 2 = disagree somewhat, 3 = unsure, 4 = agree somewhat, 5 (Max) = agree
c
1 (Min) = very different, 2 = quite close, 3 = not so close, 4 = quite close, 5 (Max) = very close
d
1 (Min) = definitely dislike, 2 = dislike to some extent, 3 = unsure, 4 = like to some extent, 5 (Max) =
definitely like
b
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Table 2
Motivation questions and subscale designation. The course name (human anatomy, human physiology,
A&P I, or A&P II) corresponded to the course the student was enrolled in. Examples given are for
human anatomy.
Subscale
Wording
% missing
I will participate actively in Human Anatomy because others
might think badly of me if I didn’t.
I am likely to follow my instructor’s suggestions for studying
Human Anatomy because I would get a bad grade if I didn’t do
what he/she suggests.
I am likely to follow my instructor’s suggestions for studying
Human Anatomy because I am worried that I am not going to
perform well in the course.
I am likely to follow my instructor’s suggestions for studying
Human Anatomy because it is easier to follow his/her
suggestions than come up with my own study strategies.
I am likely to follow my instructor’s suggestions for studying
Human Anatomy because he/she seems to have insight about
how best to learn the material.
The reason I will work to expand my knowledge of anatomy is
because a good grade in Human Anatomy will look positive on
my transcripts.
I will participate actively in Human Anatomy because I feel like
it’s a good way to improve my understanding of the material.
I will participate actively in Human Anatomy because I would
feel proud of myself if I did well in the course.
I will participate actively in Human Anatomy because a solid
understanding of Human Anatomy is important to my intellectual
growth.
The reason I will work to expand my knowledge of Human
Anatomy is because it’s interesting to learn more about the nature
of Human Anatomy.
The reason I will work to expand my knowledge of Human
Anatomy is because it’s a challenge to really understand how to
anatomical structures piece together.
The reason I will work to expand my knowledge of Human
Anatomy is because I want others to see that I am intelligent.
How would you rate the difficulty of this course?
How much experience do you have in Human Anatomy or
anatomy related courses?
I am motivated to learn human anatomy.
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Extrinsic

0.00

Extrinsic

0.00

Extrinsic

0.00

Extrinsic

0.00

Extrinsic

0.00

Extrinsic

0.00

Intrinsic

0.00

Intrinsic

0.00

Intrinsic

0.00

Intrinsic

0.00

Intrinsic

0.00

Intrinsic

0.00

Removed

34.64

Removed

17.83

Removed

27.04

Table 3
Factor invariance test results for intrinsic and extrinsic motivation.
Intrinsic motivation
X2

DF

P

CFI

RMSEA

90%CI LL

90% CI UL

SRMR

Configural

36.68

8

<0.001

0.98

0.065

0.050

0.081

0.026

Loadings

47.01

12

<0.001

0.97

0.059

0.045

0.073

0.032

Intercepts*

48.59

16

<0.001

0.97

0.049

0.037

0.062

0.033

Residuals

99.75

22

<0.001

0.93

0.065

0.055

0.076

0.051

Means

106.60

23

<0.001

0.93

0.066

0.056

0.076

0.057

Model

Extrinsic motivation
X2

DF

p

CFI

RMSEA

90%CI LL

90% CI UL

SRMR

Configural

220.01

18

<0.001

0.88

0.116

0.104

0.128

0.054

Loadings

233.12

23

<0.001

0.88

0.104

0.093

0.116

0.054

Intercepts*

239.40

28

<0.001

0.88

0.095

0.085

0.105

0.056

Residuals

259.03

34

<0.001

0.87

0.890

0.790

0.098

0.058

Means

253.04

35

<0.001

0.87

0.086

0.077

0.095

0.059

Model

Scale reliability
Course approach

Intrinsic motivation

Extrinsic motivation

Discipline-specific

0.76

0.73

Integrated A&P
0.78
*Preferred model
Note: scale reliability estimated as McDonald’s coefficient omega
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0.73

Table 4
Frequencies of Approaches to Study Skills Inventory for Student (ASSIST) identifications to determine
learner profile based on the three sections (learning, studying, and teaching) of the ASSIST survey, by
course (human anatomy, human physiology, A&P I, and A&P II). Bolded numbers indicate the most
popular learner profile per course and overall.
ASSIST Identification
Discipline-specific
Integrated
(Learner profile)
Curriculum
Curriculum
Learning

Studying

Teaching

Anatomy

Physiology

A&P I

A&P II

Total

Deep

Deep

Deep

63

28

Deep

Strategic

Deep

38

13

138

9

238

24

22

97

Deep

Surface

Deep

18

4

0

33

55

Surface

Deep

Deep

43
95

471
42

56

Deep

301
106

871
368

Surface

Strategic

Surface

Surface

Deep

15

74

0

Deep

Deep

Surface

29

13

Deep

Strategic

Surface

31

16

125

245

96

156
11

19

15

81

149

Deep

Surface

Surface

28

10

0

22

60

Surface

Deep

Surface

237

18

415

50

720

Surface

Strategic

Surface

151

80

48

118

397

Surface

Surface

Surface

33

103

0

130

266

1050

497

1253

747

3547

Total
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Table 5
Regression results comparing student’s attitudes about learning based on the three sections (their
concept of learning, approach to studying, and teaching preference) of the Approaches to Study Skills
Inventory for Students (ASSIST).
Teaching (reference)
Covariates

t

p

Learning
t

Studying
p

t

p

< 0.0001

18.08

< 0.0001

Course differences
First or second course

-67.80

< 0.0001

51.16

Course approach

-2.10

0.0357

1.46

0.1443

3.16

0.0016

Interaction

43.58

< 0.0001

-31.42

< 0.0001

-10.56

< 0.0001

0.3030

-0.53

0.5961

Learning variables
0.4902
-1.03

SAT score

-0.69

High school GPA

0.09

0.9283

-0.63

0.5287

-0.08

0.9362

Lecture exam average

0.64

0.5222

-1.32

0.1868

-1.89

0.0588

Lab practical

2.05

0.0404

-0.59

0.5552

-2.59

0.0096

Retention rate

0.90

0.3681

-0.30

0.7642

-2.19

0.0285

Predicted exam 1 grade

0.82

0.4122

0.70

0.9442

0.03

0.9761

Time studying

0.78

0.3681

0.87

0.3843

1.09

0.2757

Intrinsic motivation

2.91

0.0036

1.59

0.1118

0.19

0.8493

Extrinsic motivation

-0.16

0.8729

0.94

0.3472

3.43

0.0006

Nursing program

Demographic covariates
1.30
0.1936
-0.42

0.6745

-0.75

0.4533

Pharmacy program

-3.59

0.0003

2.31

0.0209

2.73

0.0063

First generation status

1.34

0.1802

-0.66

0.5093

-1.48

0.1389

Female
-0.47
0.9840
3.24
0.0012
0.86
0.3898
Nonwhite ethnic
identity
0.02
0.9840
1.190
0.2340
1.02
0.3077
Note: Degrees of freedom were assessed by the Satterthwaite approximation for missing data. In most
cases, the degrees of freedom were extremely large (df > 10,000), indicating strong modeling of
missing data, and significance essentially based on a Z distribution.
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Table 6
Regression results comparing student approach to learning (surface, strategic, deep) based on the
Approaches to Study Skills Inventory for Students (ASSIST).
Surface (reference)
Effects

t

Deep

p

t

Strategic
p

t

p

Course differences
First or second
course

8.75

< 0.0001

-6.28

< 0.0001

-6.26

< 0.0001

Course approach

3.97

< 0.0001

-2.80

0.0051

-2.75

0.0060

Interaction

-4.39

< 0.0001

2.77

0.0056

2.74

0.0061

SAT score

-0.72

Academic variables
0.4715
-0.76

0.4473

-0.74

0.4593

High school GPA
Lecture exam
average

0.44

0.6599

-0.43

0.6672

-0.37

0.7114

-12.38

< 0.0001

12.55

< 0.0001

12.54

< 0.0001

Lab practical

-4.42

< 0.0001

2.84

0.0045

3.00

0.0027

Retention
Predicted exam 1
grade

-2.05

0.0404

2.02

0.0434

1.96

0.0500

-2.73

0.0063

3.65

0.0003

3.56

0.0004

Time studying

-2.55

0.0108

4.43

< 0.0001

4.55

< 0.0001

Intrinsic motivation
Extrinsic
motivation

-4.54

< 0.0001

8.45

< 0.0001

8.60

< 0.0001

6.32

< 0.0001

-4.71

< 0.0001

-4.68

< 0.0001

Demographic covariates
0.0784
-3.40
0.0007

Nursing program

1.76

-3.39

0.0007

Pharmacy program
First generation
status

-0.41

0.6818

-1.25

0.2113

-1.21

0.2263

-2.34

0.0193

3.56

0.0004

3.49

0.0005

Female
1.57
0.1164
-2.61
0.0091
-2.66
0.0078
Nonwhite racial
identity
2.16
0.0308
-1.06
0.2891
-1.01
0.3125
Note: Degrees of freedom were assessed by the Satterthwaite approximation for missing data. In most
cases, the degrees of freedom were extremely large (df > 10,000), indicating strong modeling of
missing data, and significance essentially based on a Z distribution.
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Table 7
Regression results in comparing intrinsic and extrinsic motivation.
Intrinsic (reference)

Effects
First or second course

t

p

Course differences
1.01
0.3125

Extrinsic

t

p

-2.57

0.0102

Course approach

0.92

0.3576

-1.14

0.2543

Interaction

-1.58

0.1141

1.91

0.0561

Learning variables
-0.90
0.3681

-0.18

0.8752

SAT score
High school GPA

0.21

0.8337

0.10

0.9203

Lecture exam average

1.78

0.0751

-4.29

< 0.0001

Lab practical grade

0.09

0.9283

-1.79

0.0735

Anatomy content retention grade

0.06

0.9522

-1.08

0.2801

Predicted exam 1 grade

1.29

0.1971

-1.59

0.1118

Time spent studying for exam 1

2.39

0.0168

-1.59

0.1118

Demographic covariates
0.64
0.5222

-1.01

0.3125

Nursing program
Pharmacy program

-2.61

0.0091

0.62

0.5353

First generation status

0.98

0.3271

-0.66

0.5093

Female

0.34

0.7339

0.66

0.5093

Nonwhite ethnicity
-1.77
0.0767
-0.09
0.9283
Note: Degrees of freedom were assessed by the Satterthwaite approximation for missing data. In most
cases, the degrees of freedom were extremely large (df > 10,000), indicating strong modeling of
missing data, and significance essentially based on a Z distribution.
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Table 8
Multi-trait multi-method matrix comparing student motivation (intrinsic, extrinsic) with their learning
approach (surface or deep) as measured on the Approaches to Study Skills Inventory for Students
(ASSIST).
Method 1: ASSIST
Trait 1:
Trait 2:
depth
surface
Deep
Surface
learning
learning
Deep learning

0.84

Surface learning

0.04

0.73

Intrinsic motivation

0.19*

-0.06*

Method 2: Motivation
Trait 1:
Trait 2:
depth
surface
Intrinsic
Extrinsic
motivation
motivation

0.77

0.04
0.16*
0.16*
0.73
Extrinsic motivation
*p < 0.05
Note: the diagonal represents scale reliability, estimated as internal consistency reliability. The offdiagonal represent pairwise correlations between specified measures.
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Table 9
Student study strategies based on their approaches to learning (surface, strategic, deep) per class
(human anatomy, human physiology, A&P I, and A&P II) as reported in response to the question
“What percentage of your test preparation time was spent in each of these activities?” A list of study
strategies was provided to students.

Learning
Approach
per course
Human
Anatomy
Surface
Strategic
Deep
Human
Physiology
Surface
Strategic
Deep

Rewriting
your
notes

Study Strategy
Reading
the
PowerFlashPoint
cards

Reading
the
textbook

Rereading
your own
notes

12.55%

16.37%

8.52%

14.59%

25.30%

10.89%

2.51%

9.28%

12.86%

17.64%

11.06%

11.80%

22.79%

13.45%

2.41%

7.99%

12.73%

14.44%

11.35%

13.99%

23.26%

13.04%

2.19%

9.00%

Finding
online
content

Attend
tutoring

Drawing
anatomical
structures

9.83%

29.83%

12.27%

12.31%

22.88%

10.57%

0.93%

1.39%

13.25%

21.58%

20.12%

10.37%

21.53%

6.18%

1.62%

5.34%

9.25%

26.34%

9.23%

13.35%

32.23%

4.86%

0.34%

4.39%

10.79%

16.53%

12.68%

11.91%

21.61%

12.08%

4.12%

10.28%

10.03%

18.81%

14.02%

10.69%

20.88%

11.34%

4.26%

9.96%

10.47%

17.34%

14.27%

11.91%

21.99%

11.15%

3.59%

9.27%

7.22%

24.68%

15.71%

10.95%

22.50%

7.56%

4.00%

7.39%

7.02%

19.42%

14.11%

12.21%

25.54%

10.72%

2.67%

8.31%

7.79%

17.83%

14.27%

16.22%

26.70%

7.14%

3.21%

6.84%

A&P I
Surface
Strategic
Deep
A&P II
Surface
Strategic
Deep
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Table 10
Thematic codes, their description, and examples for what students enrolled in discipline-specific and
integrated human anatomy and physiology classes reported the best way to study anatomy.
Code
Description
Example
Memorization
Responses referenced the need “I believe a strong focus on
to memorize the material.
memorization”

Flashcards

Hands-on/lab
models

Diagrams/labeling

Social learning

Practice/repetition

Responses related to the use
of flashcards or online
flashcard programs such as
Quizlet.

Any answers related to
studying through the use of
hands-on materials such as lab
models.
Applied to answers that
describe drawing or labeling
diagrams.
Responses related to social
learning, such as study groups
or partner quizzing.

Responses involving the use
of repetition or daily practice.

“finding the best way to memorize”
“lots and lots of Quizlet”
“flashcards and practice problems”
“learning vocabulary - so
Quizlet/flashcards”
“The best way to study is to use handson interaction, so you can be fully
involved in what you are trying to
learn.”
“The best way to study is to draw out
structures”
“Diagrams, flashcards, and hard work.”
“reviewing with friends”
“I think the best way is to work
through the information and explain it
to others.”
“teaching others”
“to dedicate time every day to study”
“consistent repetition”

Reading

Application

Note-taking

“start early and review often”
“reread text”

Any answers related to
reading – the textbook or
notes, etc.

“read notes before class to have an idea
of what the professor will be
introducing in lecture”

Responses that describe
studying through the
application of the material or
with a focus on understanding.

Any answers that focused on
note-taking or rewriting their
notes.

“By just reading over the topics that
are gone over class every day.”
“understand processes instead of
memorizing”
“The best way to study Human
Anatomy is by taking the concept of
each piece of information and applying
it to everyday life and your own body.”
“rewrite EVERYTHING”
“take good notes and make flashcards”
“note-taking and a lot of studying”
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Other

Included answers that did not
fit the other categories, such
as I don’t know or online
resources.

“I wish I knew”
“Anything but cramming”
“I could not tell you for my life”
“Vigorously!!”
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Table 11
Thematic code response rates (%) for both course approaches to “what is the best way to study
anatomy?” at the start (n=762) and end (n=727) of human anatomy or the start (n=1,105) and end
(n=478) of an A&P I course.
Human Anatomy
Integrated A&P I
Code Description
Start
End
Start
End
Memorization
7.20%
9.80%
6.74%
1.57%
Flash cards
17.59%
23.11%
19.70%
20.38%
Hands on/lab models
9.54%
13.23%
7.75%
2.89%
Diagrams/labeling
18.90%
17.17%
15.61%
8.66%
Social learning
3.55%
4.04%
5.33%
12.47%
Practice/repetition
20.77%
18.38%
15.33%
23.49%
Reading
6.08%
8.28%
5.73%
8.53%
Application
5.14%
2.83%
4.66%
3.41%
Note taking
3.27%
4.14%
8.70%
14.71%
Other
8.98%
8.08%
9.77%
7.22%
*Note: the end of human anatomy data was collected at the start of human physiology and the end of
A&P I data was collected at the start of A&P II.
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Table 12
Qualitative thematic codes to the question “what is the best way to study anatomy?” are combined with
learning approaches (surface, strategic, deep) from the Approaches to Study Skills Inventory for
Students (ASSIST) for human anatomy (n=340), human physiology (n=116), A&P I (n=601), and A&P
II (n=237). Frequency responses (%) per combined codes are reported per class as a percentage scaled
to the sample size.
Percentages Scaled to Sample Size

Codebook
Learning
Approach

Study Strategy

Surface

Anatomy

Physiology

A&P I

A&P II

Total

Memorization

1.18

0

0.33

0.84

0.59

Surface

Flash cards

2.35

0.86

4.16

1.69

2.27

Surface

Hands on/lab models

1.76

0

2.66

0.84

1.32

Surface

Diagrams/labeling

2.94

2.59

2.5

0.84

2.22

Surface

Social learning

0.59

0

0.67

2.53

0.95

Surface

Practice/repetition

2.35

1.72

3.99

6.75

3.70

Surface

Reading

0.29

0

0.83

0.84

0.49

Surface

Application

0.29

0

0.17

0

0.12

Surface

Note taking

0.29

0

0.67

1.27

0.56

Surface

Other

2.65

0

1.83

0.84

1.33

Strategic

Memorization

3.53

4.31

4.66

0

3.13

Strategic

Flash cards

18.24

23.28

15.47

13.08

17.52

Strategic

Hands on/lab models

6.18

7.76

4.16

0

4.53

Strategic

Diagrams/labeling

10.59

8.62

8.99

6.33

8.63

Strategic

Social learning

2.06

1.72

2.50

7.59

3.47

Strategic

Practice/repetition

12.35

12.93

9.32

16.46

12.77

Strategic

Reading

2.94

6.03

3.83

6.33

4.78

Strategic

Application

2.65

1.72

1.83

0.84

1.76

Strategic

Note taking

1.47

2.59

6.49

9.28

4.96

Strategic

Other

5.00

5.17

5.32

3.80

4.82

Deep

Memorization

1.47

0

1.00

0.42

0.72

Deep

Flash cards

4.12

3.45

4.33

2.11

3.50

Deep

Hands on/lab models

2.35

2.59

1.33

0

1.57

Deep

Diagrams/labeling

3.24

2.59

2.16

0.84

2.21

Deep

Social learning

0.59

0

1.33

2.11

1.01

Deep

Practice/repetition

5.29

6.03

4.16

6.75

5.56

Deep

Reading

1.47

0.86

0.67

2.95

1.49

Deep

Application

0.29

0.86

0.83

1.27

0.81

Deep

Note taking

0

0

1.33

2.11

0.86

Deep

Other

1.47

4.31

2.50

1.27

2.39

100

100

100

100

100

Total

*Note: Significant differences were noted between all classes (X2 (87, N = 1,294) =1,618.83,
p<0.0001), and between course approach, human anatomy and A&P I (X 2 (14, N = 941) =712.98,
p<0.0001), and human physiology and A&P II (X 2 (14, N = 353) =905.85, p<0.0001).
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Figures
Figure 1
Estimated mean comparison of student’s attitude of learning scores by course (human anatomy, human
physiology, A&P I, and A&P II, based on the three sections (conception of learning, approaches to
studying, and teaching preference) of the Approaches to Study Skills Inventory for Students (ASSIST)
survey.

Note: Differences are significant by course approach (t (375,958.38) = -2.10, p = 0.0357), between first
and second course (t (114,324.91) = -67.80, p < 0.0001), and their interaction (t (86,117.65) = 43.58, p
< 0.0001).
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Figure 2
Estimated mean comparison of the Approaches to Study Skills Inventory for Students (ASSIST)
approach to studying (section B) scores by course (human anatomy, human physiology, A&P I, and
A&P II).
5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00
Human Anatomy

Human Physiology
Deep

Strategic

A&P I

A&P II

Surface

Note: Differences are significant by course approach (t (46,670.95) = 3.97, p < 0.0001), between first
and second course (t (31,821.58) = 8.75, p < 0.0001), and their interaction (t (11,458.73) = -4.39, p <
0.0001).
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Figure 3
Comparison of intrinsic and extrinsic motivation by course (human anatomy, human physiology, A&P
I, and A&P II).

Note: no main effects were significant (course approach: t (543.59) = 0.92, p = 0.3125); between first
course and second course (t (2,428.19) = 1.01, p = 0.3576); interaction (t (318.93) = -1.58, p = 0.1141).
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Figure 4
How students spend their time studying in preparation for exam 1 in human anatomy, human
physiology, A&P I, and A&P II. Students were asked, “What percentage of your test preparation time
was spent in each of these activities?”

Note: Differences were significant by course approach (F (7, 1,694) = 5.51, p < 0.0001), between first
and second course (F (7, 1,694) = 16.98, p < 0.0001), and the interaction (F (7, 1,694) = 3.51, p <
0.0001).
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Appendices
Appendix A: Approaches and Study Skills Inventory for Students (ASSIST)
associated subscales in the three sections of concept of learning (A), approaches to
studying (B), and preferences for different types of course and teaching (C).
Concept of Learning (Section A)
Learning as transforming taught material (related to a deep approach)
f. Understanding new material for yourself.
d. Using all your experiences in life.
b. Developing as a person.
Learning as reproducing knowledge (related to a surface approach)
a. Making sure you remember things well.
c. Building up knowledge by acquiring facts and information.
e Being able to use the information you’ve acquired.
Approaches to Studying (Section B)
Deep Approach
Seeking meaning
4. I usually set out to understand for myself the meaning of what we have to learn.
17. When I’m reading an article or book, I try to find out for myself exactly what
the author means.
30. When I am reading I stop from time to time to reflect on what I am trying to
learn from it.
43. Before tackling a problem or assignment, I first try to work out what lies
behind it.
Relating ideas
11. I try to relate ideas I come across to those in other topics or other courses
whenever possible.
21. When I’m working on a new topic, I try to see in my own mind how all the
ideas fit together.
33 Ideas in course books or articles often set me off on long chains of thought of
my own.
46. I like to play around with ideas of my own even if they don’t get me very far.
Use of evidence
9 I look at the evidence carefully and try to reach my own conclusion about what
I’m studying.
23. Often I find myself questioning things I hear in lectures or read in books.
36. When I read, I examine the details carefully to see how they fit in with what’s
being said.
49. It’s important for me to be able to follow the argument, or to see the reason
behind things.
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Interest in ideas
13. Regularly I find myself thinking about ideas from lectures when I’m doing
other things.
26. I find that studying academic topics can be quite exciting at times.
39. Some of the ideas I come across on the course I find really gripping.
52. I sometimes get ‘hooked’ on academic topics and feel I would like to keep on
studying them.
Strategic approach
Organized studying
1. I manage to find conditions for studying which allow me to get on with my
work easily.
14. I think I’m quite systematic and organized when it comes to revising for
exams.
27. I’m good at following up some of the reading suggested by lecturers or tutors.
40. I usually plan out my week’s work in advance, either on paper or in my head.
Time management
5. I organize my study time carefully to make the best use of it.
18. I’m pretty good at getting down to work whenever I need to.
31. I work steadily through the term or semester, rather than leave it all until the
last minute.
44. I generally make good use of my time during the day.
Alertness to assessment demands
2. When working on an assignment, I’m keeping in mind how best to impress the
marker.
15. I look carefully at tutors’ comments on course work to see how to get higher
marks next time.
28. I keep in mind who is going to mark an assignment and what they’re likely to
be looking for.
41. I keep an eye open for what lecturers seem to think is important and
concentrate on that
Achieving
10. It’s important to me to feel that I’m doing as well as I really can on the courses
here.
24. I feel that I’m getting on well, and this helps me put more effort into the work.
37. I put a lot of effort into studying because I’m determined to do well.
50. I don’t find it at all difficult to motivate myself.
Monitoring effectiveness
7. I go over the work I’ve done carefully to check the reasoning and that it makes
sense.
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20 I think about what I want to get out of this course to keep my studying well
focused.
34. Before starting work on an assignment or exam question, I think first how best
to tackle it.
47. When I have finished a piece of work, I check it through to see if it really
meets the requirements.
Surface Approach
Lack of purpose
3. Often I find myself wondering whether the work I am doing here is really
worthwhile.
16. There’s not much of the work here that I find interesting or relevant.
29. When I look back, I sometimes wonder why I ever decided to come here.
42. I’m not really interested in this course, but I have to take it for other reasons.
Unrelated memorizing
6. I find I have to concentrate on just memorizing a good deal of what I have to
learn.
19. Much of what I’m studying makes little sense: it’s like unrelated bits and
pieces.
32. I’m not really sure what’s important in lectures, so I try to get down all I can.
45. I often have trouble in making sense of the things I have to remember.
Syllabus-boundness
12. I tend to read very little beyond what is actually required to pass.
25. I concentrate on learning just those bits of information I have to know to pass.
38. I gear my studying closely to just what seems to be required for assignments
and exams.
51. I like to be told precisely what to do in essays or other assignments.
Fear of failure
8. Often I feel I’m drowning in the sheer amount of material we’re having to cope
with.
22. I often worry about whether I’ll ever be able to cope with the work properly.
35. I often seem to panic if I get behind with my work.
48. Often I lie awake worrying about work I think I won’t be able to do.
Preferences for different types of course and teaching (Section C).
Supporting understanding (related to a deep approach)
b. - lecturers who encourage us to think for ourselves and show us how they
themselves think.
c. - exams which allow me to show that I’ve thought about the course material for
myself.
f. - courses where we’re encouraged to read around the subject a lot for ourselves.
g. - books which challenge you and provide explanations which go beyond the lectures
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Transmitting information (related to a surface approach)
a. - lecturers who tell us exactly what to put down in our notes.
d. - exams or tests which need only the material provided in our lecture notes.
e. - courses in which it’s made very clear just which books we have to read.
h. - books which give you definite facts and information which can easily be learned.
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Appendix B: Approaches and Study Skills Inventory for Students (ASSIST)
A. What is learning?
When you think about the term ‘LEARNING ‘, what does it mean to you?
Consider each of these statements carefully, and rate them in terms of how close they
are to your own way of thinking about it.
Very
close

Quite
close

Not so Rather Very
close different different

a. Making sure you remember things well.

5

4

3

2

1

b. Developing as a person.

5

4

3

2

1

c. Building up knowledge by acquiring facts and
information.

5

4

3

2

1

d

5

4

3

2

1

e. Understanding new material for yourself.

5

4

3

2

1

f.

5

4

3

2

1

Being able to use the information you’acquired.

Seeing things in a different and more meaningful
way.

B. Approaches to studying
The next part of this questionnaire asks you to indicate your relative agreement or
disagreement with comments about studying again made by other students. Please work
through the comments, giving your immediate response. In deciding your answers,
think in terms of this particular lecture course. It is also very important that you
answer all the questions: check you have.
5 = agree
disagree

4 = agree somewhat

2 = disagree somewhat

1=

Try not to use 3 = unsure, unless you really have to, or if it cannot apply to you or
your course.
1.

I manage to find conditions for studying which allow me to get on 5
with my work easily.

4

3

2

1

2.

When working on an assignment, I’m keeping in mind how best to 5
impress the professor.

4

3

2

1

3.

Often I find myself wondering whether the work I am doing here is 5
really worthwhile.

4

3

2

1

4.

I usually set out to understand for myself the meaning of what we 5
have to learn.

4

3

2

1

5.

I organize my study time carefully to make the best use of it.

5

4

3

2

1

6.

I find I have to concentrate on just memorizing a good deal of what 5
I have to learn.

4

3

2

1

7.

I go over the work I’ve done carefully to check the reasoning and
that it makes sense.

4

3

2

1
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5

8.

Often I feel I’m drowning in the sheer amount of material we’re
having to cope with.

5

4

3

2

1

9.

I look at the evidence carefully and try to reach my own conclusion 5
about what I’m studying.

4

3

2

1

10. It’s important for me to feel that I’m doing as well as I really can
on the courses here.

5

4

3

2

1

11. I try to relate ideas I come across to those in other topics or other
courses whenever possible.

5

4

3

2

1

12. I tend to read very little beyond what is actually required to pass.

5

4

3

2

1

13. Regularly I find myself thinking about ideas from lectures when
I’m doing other things.

5

4

3

2

1

14. I think I’m quite systematic and organized when it comes to
revising for exams.

5

4

3

2

1

15. I look carefully at tutors’ comments on course work to see how to 5
get higher marks next time.

4

3

2

1

16. There’s not much of the work here that I find interesting or
relevant.

5

4

3

2

1

17. When I read an article or book, I try to find out for myself exactly 5
what the author means.

4

3

2

1

18. I’m pretty good at getting down to work whenever I need to.

5

4

3

2

1

19. Much of what I’m studying makes little sense: it’s like unrelated
bits and pieces.

5

4

3

2

1

20. I think about what I want to get out of this course to keep my
studying well focused.

5

4

3

2

1

21. When I’m working on a new topic, I try to see in my own mind
how all the ideas fit together.

5

4

3

2

1

I often worry about whether I’ll ever be able to cope with the work 5
properly.

4

3

2

1

23. Often I find myself questioning things I hear in lectures or read in 5
books.

4

3

2

1

24. I feel that I’m getting on well, and this helps me put more effort
into the work.

5

4

3

2

1

25. I concentrate on learning just those bits of information I have to
know to pass.

5

4

3

2

1

26. I find that studying academic topics can be quite exciting at times. 5

4

3

2

1

27. I’m good at following up some of the reading suggested by
5
lecturers or tutors.
28. I keep in mind who is going to mark an assignment and what
5
they’re likely to be looking for.
29. When I look back, I sometimes wonder why I ever decided to come 5
here.
30. When I am reading, I stop from time to time to reflect on what I am 5
trying to learn from it.
31. I work steadily through the term or semester, rather than leave it all 5
until the last minute.
32. I’m not really sure what’s important in lectures so I try to get own 5

4

3

2

1

4

3

2

1

4

3

2

1

4

3

2

1

4

3

2

1

4

3

2

1
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all I can.
33. Ideas in course books or articles often set me off on long chains of 5
thought of my own.
34. Before starting work on an assignment or exam question, I think 5
first how best to tackle it.
35. I often seem to panic if I get behind with my work.
5

4

3

2

1

4

3

2

1

4

3

2

1

36. When I read, I examine the details carefully to see how they fit in 5
with what’s being said.
37. I put a lot of effort into studying because I’m determined to do
5
well.
38. I gear my studying closely to just what seems to be required for
5
assignments and exams.
39. Some of the ideas I come across on the course I find really
5
gripping.
40. I usually plan out my week’s work in advance, either on paper or in 5
my head.
41. I keep an eye open for what lecturers seem to think is important
5
and concentrate on that.
42. I’m not really interested in this course, but I have to take it for
5
other reasons.
43. Before tackling a problem or assignment, I first try to work out
5
what lies behind it.
44. I generally make good use of my time during the day.
5

4

3

2

1

4

3

2

1

4

3

2

1

4

3

2

1

4

3

2

1

4

3

2

1

4

3

2

1

4

3

2

1

4

3

2

1

45. I often have trouble in making sense of the things I have to
remember.
46. I like to play around with ideas of my own even if they don’t get
me very far.
47. When I finish a piece of work, I check it through to see if it really
meets the requirements.
48. Often I lie awake worrying about work I think I won’t be able to
do.
49. It’s important for me to be able to follow the argument, or to see
the reason behind things.
50. I don’t find it at all difficult to motivate myself.

5

4

3

2

1

5

4

3

2

1

5

4

3

2

1

5

4

3

2

1

5

4

3

2

1

5

4

3

2

1

51. I like to be told precisely what to do in essays or other assignments. 5

4

3

2

1

52. I sometimes get ‘hooked’ on academic topics and feel I would like 5
to keep on studying them.

4

3

2

1

C.

Preferences for different types of course and teaching

5 means definitely like 4 = like to some extent
2 = dislike to some extent 1 = definitely dislike.
Try not to use 3 = unsure unless you really have to, or if it cannot apply to you or your course.
a. lecturers who tell us exactly what to put down in our notes.
5
4
3
2
1
b. lecturers who encourage us to think for ourselves and show us how
they themselves think

5

4

3

2

1

c. exams which allow me to show that I’ve thought about the course

5

4

3

2

1
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material for myself.
d. exams or tests which need only the material provided in our lecture
notes.

5

4

3

2

1

e. courses in which it’s made very clear just which books we have to
read.

5

4

3

2

1

f. courses where we’re encouraged to read around the subject a lot for
ourselves.

5

4

3

2

1

g. books which challenge you and provide explanations which go
beyond the lectures.

5

4

3

2

1

h. books which give you definite facts and information which can easily 5
be learned.

4

3

2

1

Finally, how well do you think you have been doing in your assessed work
overall, so far?
Please rate yourself objectively, based on the grades you have been obtaining, from 10
(very well) to 1(rather badly)
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“Learning in context is more effective than learning that is not clearly tied to the
purposes it intends to serve.” – A.L. Wenden (1987)

Abstract
Undergraduate introductory human anatomy and human physiology courses are
either taught as discipline-specific or integrated anatomy and physiology (A&P)
sequences. Our institution underwent a curricular revision to change our course
approach from discipline-specific human anatomy and human physiology to an
integrated A&P I and II sequence, placing us with the unique opportunity to explore
the potential role of contextual learning in academic achievement through the analysis
of lecture exams, laboratory practicals, and anatomical content retention. Using
mediation and moderation analysis, we determined how the different course
approaches interacted with academic achievement and content retention.
Undergraduate students in the integrated A&P I course approach performed
significantly better on lecture assessments and had a higher anatomy content retention
rate at the end of the year than students enrolled in the standalone human anatomy
course. The lecture exam averages between human physiology and A&P II (the second
course in the sequence), as well as the anatomy laboratory practical exams, were not
significantly different between discipline-specific and integrated course approaches.
Our results suggest contextual learning—providing physiological context to
anatomical structures—increases anatomical content retention and academic
achievement overall.
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Introduction
Learning cannot be reduced or removed from the context in which it occurs (van
den Eertwehg et al., 2013). Describing what context entails is an important component
in the advancement of understanding learning (Ellaway & Bares, 2015). Thought of as
the “foundation upon which knowledge is built”, context incorporates all aspects
related to knowledge construction, including the learning environment, culture, and
underlying assumptions (Forneris & Peden-McAlpine, 2006, p.2). Koens et al. (2005)
describe a dimensional context model where the semantic or cognitive dimension of
context focuses on how appropriately the knowledge acquired in a school context
matches the learning task (Custers, 2010; Koens et al., 2005). Activating prior
knowledge to link it to new knowledge is an important facet of the semantic/cognitive
dimension and providing content without context decreases the student’s activation of
prior knowledge (Bergman et al., 2015). Therefore, the context in an educational
setting is dynamic and individualistic, and influences student learning and academic
performance (Berkhout et al., 2017).
The concept of “learning from context” is forged in constructivist learning theory
as the learner constructs meaning through their experiences with content in a particular
context (Honebein et al., 1993; Imel, 2000). Since knowledge acquisition occurs when
the learner processes new information in their frame of reference, a contextual
learning approach encourages students to make meaningful connections between what
they are learning (the course content) and their daily lives (Anstey, 2017; Hull, 1995).
In other words, as students learn, they seek meaning in the context to connect new
information to prior knowledge to form meaningful connections between abstract
concepts and practical applications (Davtyan, 2014). Therefore, contextual learning
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theory focuses on multiple aspects of learning in context—a concept used in
educational research but one that is not easily defined.
Contextual learning has various definitions but has largely been used
interchangeably with experiential learning in medical research. These terms refer to
incorporating “context” from authentic, real-life scenarios and situations, such as
through clinical experiences, that promote knowledge application (Berkhout et al.,
2018). Over the past few decades, medical education has transitioned to a more
integrated curriculum involving learning anatomy in a clinical context (Arantes et al.,
2020; Drake, 1998; Smith, 2005) based on the idea that “anatomy is best learned in the
context of its future application” (Tavares & Silva, 2002, p. 56). An example by
Böckers et al. (2014) described students learning anatomy within the context of
surgical practice, whereby clinicians used cadavers to demonstrate surgical procedures
in a realistic operating room setting. Students studying gross anatomy in context, via
cadaver laparoscopic demonstrations, reported an increased understanding of the
relationship of intra-abdominal organs (Fitzpatrick et al., 2001).
Forneris and Peden-McAlpine (2006) further defined contextual learning as the
use of narrative stories as context, requiring the learner to construct knowledge by
reflecting on narratives. Woods et al. (2005) showed novice psychology students were
better able to make a neurological diagnosis a week later when initially presented with
a clinical case containing a background story compared to the group given scientific
information formatted in a table. Presenting the basic science of neurological disorders
in the context of a narrative increased recall and application. According to Anstey
(2017), contextual learning occurs through inquiry based and authentic learning
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methodologies that allow anatomy students to pursue relevantly meaningful
investigations to connect their learning to their own personal interests. Norman (2007)
made a case for contextual learning through a problem-based learning curriculum and
went so far as to say, “unless students actively apply the concepts they are learning to
understanding and explaining clinical problems, the knowledge will remain inert and
will soon be forgotten” (p. 402).
Context is also important in learning new terminology as “natural language
environments provide structured contexts for learning” (Chen & Yu, 2017, p. 924).
One way in which students connect meaning to an unfamiliar word is through the
surrounding context in an approach called “contextual word learning” (Elgort et al.,
2018; Nagy et al., 1987), which has been shown to increase terminology retention
(Frishkoff et al., 2016). When readers stumble upon a novel word, they rely on the
surrounding contextual information to provide clues to its meaning (Konopak, 1988;
Swanborn & de Glopper, 2002). Given that anatomy education is largely a language
course (Wilhelmsson et al., 2010) and students are introduced to over 1,500 new terms
in a standard textbook, many with Latin or Greek origins, context plays a key role in
learning the language of anatomy. Otherwise, learning anatomy becomes isolated
without the context of physiological concepts (Norman, 2007).
Many studies have identified best practices for teaching human anatomy (Entezari
& Javdan 2016; Estai & Bunt, 2016; McBride & Drake, 2016; Miller et al., 2002;
Smith et al., 2014), human physiology (Anderson & Krichbaum, 2017; Brown et al.,
2017), and integrated A&P (Dobson & Linderholm, 2015; Mattheis & Jensen, 2014).
However, there is no clear consensus in the literature on which course approach,

123

discipline-specific or an integrated A&P, would benefit undergraduate students
academically (Arantes et al., 2020; Quintero et al., 2016) or lead to greater anatomical
retention. An integrated curriculum implies that learning is organized in such a way
that it is synthesized across disciplines (Shoemaker, 1989), and much of what is
known about anatomy integration is from research conducted in medical schools. It is
largely assumed medical students will better relate structure with function if anatomy
is simultaneously taught in context with physiology, as a standalone human anatomy
course may limit student understanding of the clinical relevance of anatomical
structures (Hartley et al., 2018). Perception research revealed medical students felt an
important component of learning anatomy was through the incorporation of
physiology, as the function provided understanding, meaning, and reason to the
anatomical structures (Wilhelmsson et al., 2010) as well as improved student outlook
and motivation (Arslan, 2014). Little information exists regarding the impact of
contextual learning through the integration of physiology on anatomy content at the
undergraduate level.
Undergraduate introductory anatomy and physiology courses serve as a major
requirement for pre-health programs (Johnston, 2010; Miller et al., 2002; Schutte,
2016) and are perceived as “gateway courses” due to their potential to limit academic
progression or prevent acceptance into professional programs (Fournier et al., 2017).
Yet pedagogical approaches to these courses vary across colleges and universities in
the United States, with some instructors teaching anatomical structures systematically
(i.e. nervous system, respiratory system) and others focusing on specific anatomical
regions (i.e. anatomy of the pelvis, the anatomy of the upper extremity) (Drake, 1998).
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There is also considerable variation in the degree to which physiology is integrated
into the anatomy classroom, ranging from standalone discipline-specific human
anatomy courses to a fully integrated anatomy & physiology sequence (A&P I and
A&P II).
The idea to combine our discipline-specific human anatomy and human
physiology courses into an integrated A&P I and II sequence was largely driven by the
desire for contextual learning, defined here as the acquisition of basic knowledge by
providing appropriate context (Koens et al., 2005). In an integrated A&P course
approach, physiology would provide the “context” to better learn anatomy. In our
case, integrating physiology supplies the narrative to learn anatomical structures with
the thought being that integrating physiology into anatomical content will increase
student academic success and produce deeper student learning by increasing the
contextual support surrounding anatomical terminology and structures. As part of a
larger study, we sought to determine the influence contextual learning—through the
integration of physiology—has on undergraduate students learning of anatomy.
Research Questions
This study investigated contextual learning by looking at differences in
academic achievement (lecture and laboratory performance) and anatomical content
retention between discipline-specific and an integrated A&P sequence. The hypothesis
was that contextual learning through the integration of physiology would improve
undergraduate students’ learning of anatomy. However, based on learning principles,
we hypothesized anatomy content retention would be greater in a discipline-specific
course approach due to the repetitive nature that occurs when reviewing anatomy
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while learning physiology in the following semester. Leaning science describes
“relearning” or retrieval practice as the act of recalling information (Karpicke, 2016),
and spaced practice as the repeated exposure of content over time (Carpenter et al.,
2012). Studies have shown that long-term retention is determined by prolonged
interaction with the content (Custers, 2010) and decades of learning science research
have established that retrieval and spaced practices increase content retention. The
overall intention of this study was to determine if contextual learning through a change
in course approach from discipline-specific to an integrated A&P influenced
undergraduate students’ academic achievement and anatomy content retention by
examining the following aim:
To what extent does integrating physiology affect undergraduate student
anatomical knowledge, as measured by specific anatomy exam questions, lecture
exam averages, laboratory practical exams, and content retention of anatomy?

Methods
Study Site
This study took place between 2017 and 2020 at a large doctoral-granting public
university in the northeastern United States. In fall 2018, this institution’s biology
department integrated previously separate, discipline-specific human anatomy and
human physiology courses into an integrated A&P I and A&P II sequence. The
rationale for this decision was based on two major factors: 1) faculty’s belief that A&P
integration could improve students’ acquisition of basic anatomical knowledge by

126

providing appropriate physiological context (Koens et al., 2003); and, 2) students
articulated a preference for A&P integration (Adams & Dewsbury, in review).
Course Descriptions
In this study, anatomy and physiology courses served approximately 1,000
students a year and were offered Monday, Wednesday, and Friday for three 50-minute
lectures per week or on Tuesday and Thursday for two 75-minute lectures per week.
The classroom environment consisted of a large, fixed seating lecture hall with 150+
students in each section. Throughout this three-year study, faculty instructed in an
interrupted lecture format utilizing clicker questions embedded within PowerPoint
presentations. Weekly homework assignments were completed through Pearson
Publishing’s Modified Mastering Anatomy & Physiology software and were
consistent between course sections. Lectures were accompanied by a laboratory
component. Graduate teaching assistants, with oversight from a lab manager, taught
over 20 laboratory sections each semester. Weekly faculty meetings were held to
ensure consistency in learning objectives (established a priori), depth of coverage, and
timing of content delivery. Since the content, delivery, cognitive load, and factors
determining final course grades were uniform between sections and course
approaches, results were directly compared (Hartley et al., 2018). Characteristics of
human anatomy and A&P I courses are presented in Appendix A.
Participants
The data sample used in the analysis contained 20,706 observations from 2,459
students including four lecture exams to determine exam average from each course (a
proxy for final course grade), one lab practical in human anatomy/two in A&P, and
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one retention exam. Students were enrolled in either discipline-specific human
anatomy and human physiology (cohort 1, n=1,030, a 73% consent rate), or integrated
A&P I and A&P II (cohort 2, n=1,429, a 96% consent rate). To be included in the
analyses, a student had to be over 18 years of age and consent to participate each
semester. Students who repeated the same course were excluded from the data
analysis. Institutional Review Board (IRB) approval was obtained for this study
(IRBNet #1007697, HU1617-124).
Incoming demographic characteristics for students enrolled in the first course of
the sequence (human anatomy or A&P I) were obtained from the Office of
Institutional Research. Categorical terminology (i.e. sex, male or female) presented
here aligns with student college applications. To compare student populations between
cohorts, Schmidt et al. (2012) state a requirement for curricular comparison research is
consistent group dynamics with no substantial intrinsic differences in student
demographics. Therefore, predictive factors and significance testing were conducted to
determine intergroup differences between self-identified demographic data including
sex, ethnicity, high school grade point average (HS GPA) (converted to a 4.0 scale),
and SAT scores (Thompson et al., 2013). Predictive factors were similar between both
cohorts, allowing for direct comparisons between course approaches (Appendix B).
Student participants were predominantly female (71.61%), White (73.69%), of
traditional college-age (mean=19.14 years, SD=1.87 years), not of low socioeconomic
status (SES) as determined by Pell Grant eligibility (not Pell applicable=76.37%), with
the majority majoring in either nursing (23.06%) or pharmacy (19.28%). About a
quarter of students identified as first-generation college students (26.64%).
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Demographic variables for consented students were comparable to the enrolled course
population and are expressed descriptively (%) in Table 1.

[Insert Table 1 here]
Materials
To investigate if there was a change in student academic achievement following
integration with physiology, we examined student academic performance on several
measures: course lecture exam average, lab practical exam grades, and anatomy
content retention. In addition to these assessment measures, we analyzed individual
anatomy examination questions that were the same for both course approaches. In the
lecture, 80 multiple-choice (MC) questions (Appendix C) were repeated between
human anatomy and A&P unit exams. Both course approaches (discipline-specific and
integrated A&P) received four 50 minute/50 MC unit exams each semester. All 80
anatomy questions used in this research were presented in three semesters of
discipline-specific human anatomy, 20 questions on each unit exam. However, after
the transition to an integrated A&P course approach, the distribution of anatomy
content meant 60 of the questions were included on A&P I exams and 20 of the
questions were included on A&P II exams. To increase content validity, anatomy
questions were selected from the Pearson Publishing test bank and equally represented
chapter-level learning outcomes. Lecture exams were individually numbered and not
returned to students to maintain exam integrity. To examine the impact integrating
physiology had on academic achievement in a laboratory setting, 89 MC anatomy lab
practical questions were repeated between human anatomy and A&P. These questions
largely asked students to identify structures from laboratory models or specimens.
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To determine if one course approach led to better anatomy content retention, the
same 60 anatomy lecture exam questions administered in human anatomy and A&P I
were used to establish a baseline mean and create a retention exam. The retention
exam was administered at the end of the yearlong sequence (Custers, 2008; Hartley et
al., 2018), beginning in fall 2017. A retention rate was calculated according to Hall
and Dunward (2009) that equaled the mean score of the retention exam divided by the
mean score of the baseline exam, multiplied by 100. Retention intervals, the time
between initial exposure to the questions until the retention exam, were varied since
lecture exams occurred throughout the semester. Students who started the course
sequence in the fall had a retention interval of 31 weeks for unit 1, 28 weeks for unit 2,
25 weeks for unit 3, and 21 weeks for unit 4. Summer increased the retention interval
for courses that began in the spring by approximately 12 weeks. Using random effects,
the difference in retention interval timing between course approaches was controlled
for statistically. Lastly, an item analysis was conducted on the individual assessment
questions that were the same between the two course approaches.
Academic Achievement Analysis Plan
First, a psychometric evaluation was performed on all the measures used in the
analysis, specifically the lecture exam average for the first class in each approach
(either human anatomy or A&P I), the lab practicals, and the anatomy content
retention exam. This is important to ensure that the outcome assessments can be
directly compared despite differences in students and course approach. A student’s
lecture exam average was calculated based on data directly from the Scantron report of
four lecture exams. The final course grade for human anatomy (4 credits) included
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laboratory grades, whereas A&P I (3 credits) did not. Using the lecture exam average
as a proxy for final course grade accurately reflects academic achievement by
removing grade inflation from homework assignments and/or potential bonus points.
Psychometric test theory emphasizes certifying that tests have sufficient
reliability and validity (Furr, 2017). For this analysis, exams were cross-validated
using both exploratory factor analysis and confirmatory factor analysis (Furr, 2017;
Harlow, 2014). Datasets were randomly split in half to not overfit the data. First, all
individual items were examined using exploratory factor analysis. This allowed for an
examination of the itemized factor structure and the magnitude of common variation
among items. Coefficient omega was calculated as a summary of scale reliability
(Furr, 2017). Next, confirmatory factor analysis was used to specifically examine
internal structure validity. Questions related to the same content were parceled to
ensure that all curricular topics were evenly addressed on the tests. Additionally,
factor invariance tests were performed to verify that the measurement of student
achievement was similar among the separate discipline-specific and integrated course
approaches (Furr, 2017). Since students are nested in classes, a clustered model
estimation was used to control for this known dependence.
While the psychometric properties inform the interpretation of the results, the
focus of the analysis was on student achievement, especially comparing the separate
discipline-specific and integrated course approaches. It was of interest to consider
mediators and how the course approach may moderate likely covariates. Defined in
more detail below, mediation and moderation analysis are analytic techniques that
allow for the decomposition of multivariate relationships. The effect of interest was
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the course approach, either as discipline-specific or integrated A&P. Mediation and
moderation analysis considered how differences in course approach interacted with
other relevant variables, such as measures of student achievement and demographic
covariates. Figure 1 provides a conceptual diagram adapted from Baron and Kenney
(1986).
[Insert Figure 1 here]
Mediation analysis is used to consider possible intermediary variables facilitating
the effect of an independent variable on an outcome variable. If an independent
variable explains differences in a mediator variable, and a mediator variable explains
differences in an outcome, then mediation may be identified. In this case, the
independent variable was course approach, separate discipline-specific or integrated
A&P. The possible mediator was student learning, as measured by lab practical
grades, exam averages in the first course (human anatomy or A&P I), and anatomy
content retention rates. The outcome was the lecture exam averages in the second
course (human physiology or A&P II). Moderation analysis examined contextual
factors that could change the relationship between two relevant variables. Expected
covariates included sex, ethnic identity, first-generation college status, and college
major. It was of interest whether the course approach (discipline-specific or integrated
A&P) may moderate the relationships between these covariates and student
achievement.
To estimate the magnitude of the relationships among covariates and mean
differences by course approach, multilevel modeling was used (Harlow, 2014). This
method allowed for the estimation of means, variances, and covariances among
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correlated outcomes as well as predictor variables. The means for the mediators (lab
practicals, first-course lecture exam average, and anatomy content retention rates), as
well as the outcome variable (second-course lecture exam average), were estimated
while accounting for the known structure of the data. Random effects were used to
control for variation with students nested in classes. Also included were the fixed
effects of the independent variable (discipline-specific versus integrated course
approach), covariates (sex, ethnic identity, first-generation college status, college
major), and moderation interaction terms.
As with any study with repeated observations, missing data occurs when
participants do not complete all research components. Between the first class (human
anatomy or A&P I) and second class (human physiology or A&P II), 13.95% of
students were only observed once. Missing data resulted from a variety of factors,
such as student absence during an exam or improperly filled out exam Scantron forms,
and due to the spring 2020 pandemic, online assessment data were excluded from this
analysis. Additionally, in evaluating the psychometric properties of the assessments,
some questions were not included by all instructors, resulting in as much as 35.88%
missing data for 12 question items. The implications of missing data are largely
dependent on the reasons that data are missing. To account for this concern, a
statistical-obfuscation process relying on multiple imputations was used (Little &
Rubin, 2019). This was done by filling in the missing values with probable values
given observed variables in the data, then pooling results across serial model
estimations. In addition to accounting for underestimated variance due to missing data,
the means of the imputed values can be changed to assess the magnitude of parameter
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bias due to missing data. This was performed with 30 imputations to ensure the
integrity of results.
G*Power software was used to calculate power for the sample to ensure that it
was sufficient for the analysis (Faul et al., 2007). The analysis required the estimation
of mean differences for three outcomes: lecture exam average, lab practical grades,
and anatomy content retention exams. Assuming the research standard of power at
0.80, the proportion of variance was estimated such that each analysis was powered to
detect an effect. The lecture exam averages were capable of detecting an effect
explaining 0.48% of the variance. The lab practicals were estimated to be able to
detect an effect as small as 0.22% of the variance explained. Lastly, the anatomy
content retention exams were powered to detect 1.68% of the variance. This indicates
the analysis was very well powered and the sample was likely capable of identifying
most effects, even small ones.
Lastly, to identify differences at the item level, an analysis was conducted on the
specific anatomy assessment questions that were the same between course approaches.
An item difficulty index—the proportion of test-takers who answered the question
correctly—was calculated per item. The probability of a null difference between
course approaches for two independent proportions was calculated for each question.
Additionally, Cohen’s h effect size was calculated for this difference. While it is often
cautioned against overly interpreting itemized differences, this is included as a
reference for the difficulty values. A Benjamini Hochberg adjustment to the
Bonferroni correction was used to identify which differences were most meaningful
while accounting for type one error rate inflation.
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Results
Academic Achievement Data and Psychometric Diagnostics
Variables were first examined as univariate distributions to ensure that they were
appropriately distributed for the analysis. Skewness rarely exceeded a value of |1.0|,
and kurtosis rarely exceeded a value of |3.0|, indicating that they were approximately
normal, as assumed. For all models, missing data diagnostics were examined as
recommended by Little and Rubin (2019), specifically examining the fraction of
missing information and relative efficiency. In most cases, the fraction of missing
information was quite small (less than 5%), and the relative efficiency was always
high (i.e. RE > 0.97). To consider how sensitive imputations were to the possibility
that missing data were not at random, the mean of the imputations were increased and
decreased by as much as an entire letter grade, a 10% change on the score received.
The significance of parameter estimates rarely changed except among the most
extreme changes to imputation means. This indicated that, despite the missing data
concern, missingness was likely adequately modeled.
Table 2 provides a summary of the psychometric properties among the
assessment tests. All scales demonstrated unidimensionality with majority positive
loadings for all items or curricular subsets of items. Coefficient omega was
consistently strong. The model fit was strong for all confirmatory models. In no case
did the best fitting model indicate full invariance between measures for the separate
and integrated curriculum. That said, in all cases, the assumption of invariance of
factor loadings was always well-fitting. Because error variance is expected to have a
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mean of zero and heterogeneity of variances can be modeled within a multilevel
modeling framework, this was viewed as a sufficient assumption. It was concluded
that the achievement tests were psychometrically appropriate for the analysis.
[Insert Table 2 here]
Mediation Analysis
Figure 1 is provided as a visual representation of mediation and moderation
analysis adopted from Baron and Kenney (1986). First, evidence of the A path was
examined, from the independent variable, course approach, to mediators, student
learning (first-course lecture exam average, lab practical score, and anatomy content
retention rate). The results are reported in Table 3. Students did equally well on lab
practicals (both courses, M = 73.81%, t (4960.10) = 0.16, p = 0.8718). Students in the
integrated course performed significantly better on lecture exams in the first course
(human anatomy, M = 68.11%; A&P I, M = 74.05%; t (30.16) = 3.16, p = 0.0036) and
had a significantly higher anatomy content retention rate (discipline-specific, M =
66.11%; integrated A&P, M = 75.32%; t (1624.29) = 4.64, p < 0.0001). This indicates
evidence of a significant A path, that learning of anatomy and physiology curriculum
was better with an integrated course approach.
Next, the B and C paths were examined, comparing the effects of mediators and
the independent variable on outcomes. The second course (human physiology or A&P
II) lecture exam average to test the C path are presented in Table 3. The C path was
not significant (t (29.58) = -1.69, p = 0.1014), with means on the second course exams
being similar for the discipline-specific course approach (M = 71.17%) and integrated
A&P (M = 71.35%). The statistical model used to infer differences among variable
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relationships are provided in Table 4, and the combined slopes from mediator to
outcome to test the B path are presented in Table 5. The B path effect of lab practical
scores on second course lecture exam average was significant for both course
approaches, separate discipline-specific (slope = 0.35, Z = 6.39, p < 0.0001) and
integrated A&P (slope = 0.25, Z = 6.66, p < 0.0001). The slope was not significant for
the relationship between anatomy content retention and second course exam score
(discipline-specific, slope = 0.05, Z = 1.24, p = 0.2150; integrated, slope = -0.01, Z = 0.42, p = 0.6745). This indicates possible mediation along the B path, but not directly
measured by content retention based on the course approach.
[Insert Table 3 here]
[Insert Table 4 here]
[Insert Table 5 here]
Lastly, there was interest in how the seasonal context of education (some students
start the sequence in fall and some start it in spring) may be related to student
academic achievement. Figure 2 shows student academic achievement over time
before and after course integration. Scores in the first course improved after
implementing curricular integration, though scores in the second course were similar.
Additionally, students who began their sequence during the spring semester tended
toward significantly lower lecture exam scores during the first course, by nearly four
percentage points (difference = 3.78%, t (58.05) = -3.46, p = 0.0010). There was no
evidence that either course approach mitigated this reduction in scores during the
spring (t (42.66) = 1.78, p = 0.1285).
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In summary, these results together suggest full mediation of course achievement.
Students with an integrated course approach tended to perform better on lecture exams
and had higher anatomy content retention rates. As individuals, cohort 2 students also
went on to do better in the second course, A&P II.
[Insert Figure 2 here]
Moderation Analysis
As stated, Figure 1 serves as a reference for the conceptualization of moderation
analysis. Moderation can be identified when the C path interaction term between the
moderator variable and predictor variable is significant. The results are provided in
Table 4. First, it is important to establish the A path, from predictor variables to
outcome. Contrary to expectations, there were very few differences demonstrated. The
only significant difference was for Doctor of Pharmacy students, who did significantly
well (difference = 3.37%, t (41.59) = 2.22, p = 0.0319). Non-white students tended to
do slightly worse than students identified as White, but the difference was not quite
significant at the alpha = 0.05 level (difference = -1.58%, t (44.34) = -1.85, p =
0.0710). Lecture exam scores for first-generation students were slightly worse, but it
was also not a significant difference (difference = -1.02%, t (39.45), p = 0.2298).
Additionally, students identified as female tended to do slightly better than their maleidentified peers, yet the difference was also quite small and not significant (difference
= 0.97%, t (45.40) = 1.20, p = 0.2364).
Considering the C path interaction terms to infer moderation, in no case was
significance identified (p > 0.15 for all parameters). This suggests that while there
may have been some differences by demographic covariates, there was no evidence
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that a separate discipline-specific or an integrated course approach was better or worse
for any subgroup of students.
Item Analysis
Specific anatomy exam questions were the same on assessments between
course approaches to allow for direct comparisons. Appendices Da-c provide the
difficulty index, calculated as a percent of correct responses, for each course approach
on the identical anatomy questions included in the lecture exams, laboratory practicals,
and the content retention exam. With the Benjamini Hochberg adjustment for the
Bonferroni correction, tests with Z > |2.06| are significant despite the large number of
assessment questions. The differences between the difficulty index between course
approach for most questions were significant (70.24% of Z tests), so the focus will be
on the magnitude of Cohen’s h. Significant tests generally had a larger than small
effect size (i.e. Cohen’s h > 0.20). Comparing the lecture exams, differences were
small to moderate with cohort 2 students performing better on the 80 assessment
questions (difficulty index, discipline-specific, M=0.68, SD= 0.15; integrated, M=
0.73, SD = 0.15, Cohen’s h, M=0.29, SD=0.31). The third exam demonstrated small
differences (Cohen’s h, M = 0.11, SD = 0.10), with similarly sized, moderately small
differences for the first, second, and fourth exams (Cohen’s h, exam 1, M = 0.31, SD =
0.26; exam 2, M = 0.34, SD = 0.34; exam 4, M = 0.43, SD = 0.37). Comparing the lab
practicals, cohort 1 students had a higher percent of correct responses (difficulty
index, discipline-specific, M=0.74, SD= 0.16; integrated, M= 0.73, SD = 0.16,
Cohen’s h, M=0.26, SD=0.24), although the effect size was small. The second
practical (Cohen’s h, M = 0.29, SD = 0.30) tended to have slightly larger differences
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on average than the first (Cohen’s h, M = 0.25, SD = 0.21). In both cases, these are
moderately small differences. Lastly, comparisons were made between the retention
exams, which also demonstrated moderately small differences. The first occasion (to
establish a baseline of knowledge) demonstrated slightly larger itemized differences
on average for the 60 questions (difficulty index, discipline-specific, M=0.69, SD=
0.13; integrated, M= 0.72, SD = 0.15, Cohen’s h, M = 0.25, SD = 0.27) than the
second occasion (to assess for retention) (difficulty index, discipline-specific, M=0.43,
SD= 0.18; integrated, M= 0.49, SD = 0.19, Cohen’s h, M = 0.18, SD = 0.14). Again,
effect sizes were small.

Discussion
Before fall 2018, our institution instructed introductory human anatomy as a
separate discipline-specific course with limited integration of physiological concepts,
followed by human physiology the subsequent semester. Students articulated a
preference for an integrated A&P course sequence to increase their understanding of
the relationships between structure and function (Adams & Dewsbury, in review).
Therefore, our institution decided to undergo a curricular revision of how introductory
human anatomy and physiology courses were taught, changing from a disciplinespecific course approach to an integrated A&P sequence. To determine the influence
contextual learning had on the academic success of our students, we took advantage of
this curricular revision to examine the effects of context—in our case integrating
physiology into anatomy education—had on academic achievement through the
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examination of lecture exam grades, lab practical scores, and content retention of
anatomy.
More meaningful learning occurs when subject areas are connected through
curricular integration. This combination cultivates understanding and allows students
to build on their prior knowledge and personal experiences (Atwa & Gouda, 2014).
Medical schools have increased anatomy curricular integration over the past few
decades (Brauer & Ferguson, 2015) with variable results. Arslan (2014) found a
change in course approach from regional gross anatomy to a systems-based curriculum
including clinical context led to an increase in exam grades and higher United States
Medical Licensing Examination scores. On the other hand, McKeown et al. (2003)
found that an integrated systems-based curriculum led to lower surface anatomy
knowledge when compared to a traditional course approach—a result attributed to less
time devoted to surface anatomy in the integrated curriculum. Other studies found that
medical students learned anatomy comparably between the integrated and traditional
curricula (Arantes et al., 2020; Cuddy et al., 2013; Hartley et al., 2018). Arantes et al.
(2020) examined medical students’ neuroanatomy knowledge acquisition and found
overall there were no significant differences between discipline-specific and an
integrated pedagogical approach. In our study, undergraduate students enrolled in an
integrated course approach had higher lecture exam averages in A&P I and greater
anatomical content retention compared with students in the discipline-specific course
approach. More research on anatomy and physiology integration at the undergraduate
level, specifically examining the effects of contextual support of anatomical structures
through the addition of physiology, needs to be conducted.
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Direct comparisons between discipline-specific and integrated A&P cohorts were
possible since the learning environment, content, and cognitive load were similar. To
determine differences in lecture and laboratory academic achievement and content
retention, assessments were compared between cohorts. Our mediation analysis
supported the notion that integrating physiology into an anatomy course increases
student academic achievement in lecture. Item analysis between cohorts on the same
anatomy assessment questions also sought to determine the influence integrating
physiology had on anatomy education. As with the mediation, the results from the
item analysis revealed students performed better in lecture and had stronger anatomy
content retention in the integrated A&P course approach. The proportion of correct
responses on anatomy lecture question items was higher in cohort 2 with the strongest
effect size related to the anatomy of the cardiovascular system, respiratory system,
digestive system, urinary system, and the reproductive system (Cohen’s h, M=0.43,
SD = 0.37). These topics were covered in one unit in human anatomy yet comprised
the bulk of A&P II content as they are strongly connected to physiological concepts.
Results indicated students learned the anatomy of these systems better in the context
of physiology.
Students must retain a high volume of anatomy and physiology knowledge given
its importance to their future health care professions (Woods et al., 2005). Basic
learning science principles, such as retrieval and spaced practice, are important factors
when investigating the influence of contextual learning on content retention. Hartley et
al. (2018) examined the effects integration had on anatomical knowledge and content
retention. Their results showed medical students gained and mastered the content
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equally well, yet the students in the integrated curriculum retained less anatomical
information. They attribute their retention results to the decrease in retrieval and
spaced practices that occur within the integrated curricula. In our study, retrieval and
spaced practice of anatomy were inherent in the discipline-specific course approach,
through the review of anatomical structures in human physiology. Since the anatomy
content in A&P I was not reviewed in A&P II, we expected cohort 1 students to retain
more information. Despite this, our results revealed an increase in anatomy content
retention in an integrated course approach, suggesting that an important determinant of
retention is contextual learning. The contextual learning effect was strong enough to
override any advantage conferred from the retrieval and spaced practices built into the
discipline-specific course approach. Results presented here align with Swanson et al.’s
(1996) conclusions that anatomical information presented in context was retained
better than information presented through a discipline-based curriculum. The role of
retrieval and spaced practice on content retention in combination with contextual
learning needs to be investigated further in the undergraduate anatomy and physiology
curriculum.
Undergraduate students in our study retained an estimated 66.11% (disciplinespecific) and 75.32% (integrated) of anatomy content after completion of the yearlong
sequence. Retention rates for both cohorts are in accordance with Custers’ (2010)
review of general and medical education retention studies that concluded students
retain two-thirds to three-fourths of the material after one year. An interesting
distinction was uncovered between the calculations for the retention rate and the
difficulty index scores for the retention questions given at the end of the year. The
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retention rate considered how students performed during the baseline assessment.
Consequently, this value could exceed 100% when a student answered a question
incorrectly on the baseline assessment but correctly on the retention exam. The
average of the difficulty index, however, accounted for the proportion of correct
responses on the retention exam without factoring for baseline knowledge. The
difference between the retention rate and the proportion of correct responses on the
retention exam emphasized improvement in anatomical knowledge over the year for
both cohorts (discipline-specific difference in mean = 0.23, integrated = 0.26). These
knowledge gains were strengthened by the inclusion of physiological context. Cohort
2 students had a higher proportion of correct baseline responses during unit exams,
retained more anatomy content, and exhibited stronger knowledge gains over the year.
Our thinking was a discipline-specific course approach would have higher retention
rates because anatomy content was reviewed with the introduction of physiology in
the following semester. However, this was not supported by the data but provides
some interesting insights into contextual learnings’ influence on content retention and
should be investigated further.
Exam averages were not significantly different between human physiology and
A&P II. Due to the distribution of anatomy content in the development of the A&P
sequence, 75% was covered in A&P I and 25% in A&P II. Perhaps this indicates that
these courses are not substantively different in terms of contextual learning. Since
human physiology incorporated a review of anatomy, the integration that occurred
would have been similar to an A&P course approach. There was also not a significant
difference in anatomy laboratory practical exams between course approaches. This
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could also be explained through the depth of contextual learning, which is debatable in
the A&P laboratory. Upon reflection, A&P students were not truly learning anatomical
structures within the context of physiology in the laboratory, as students simply
alternated between discipline-specific lab exercises. Thus, contextual learning was
diminished. Overall, these non-significant results can be explained through the
increase or decrease of contextual learning. Between the human physiology and A&P
II course, subject-level integration was similar, therefore the integrated approach did
not provide additional context. Additionally, the laboratory integration was minimal in
A&P creating less of an opportunity for contextual learning.
Mediation and moderation analysis on the lab practical averages did not show a
difference between course approaches. However, the 89 lab practical questions that
were the same between cohorts revealed that a greater proportion of questions were
answered correctly by cohort 1 students. This could also signify that the contextual
learning influence in a laboratory setting was minimal. It might also be attributed to
errors in the assessment key, which would skew results. Of note, difficulty index
effect sizes were small between cohorts given the strict p-value corrections.
The results of our three-year study showed undergraduate students in an
integrated A&P course approach learned anatomy better and retained more anatomical
content than in a discipline-specific curriculum. Integrated A&P provided students
with the context of physiology when learning anatomical structures, especially in
lectures. Based on our study, we suggest programs escalate ways to integrate context
into their curriculum to increase students’ academic achievement and content
retention. Further research needs to investigate contextual learning within the
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undergraduate introductory anatomy and physiology curriculum in diverse learning
environments and within different situational factors, such as at a community college
or within smaller class sizes. Some anatomical structures correspond heavily with
physiological concepts, such as the connection between the microanatomy of muscles
and contraction. Therefore, future studies should use item analysis to examine course
approach differences based on learning outcomes and question-level complexity and
specificity to determine the strength of contextual learning. Also, factors such as
motivation, learning approaches, study habits, and course perceptions might mitigate
the benefits of contextual learning and should be explored. Future studies also need to
be conducted with retrieval intervals longer than one year to investigate if the rewards
of contextual learning on anatomical content retention will still be evident in the longterm.

Limitations
There were several limitations to this research. First, participants in this study
were a convenience sample of classroom students from our institution, creating a
selection bias, and reducing generalizability due to the homogeneity of the study
population. The fact that the majority of the participants were White females, as they
form the majority of the students enrolled in introductory anatomy and physiology,
speaks to persistent underrepresentation of other groups, and perhaps also to gendered
career choices, such as nursing. Therefore, caution should be utilized in generalizing
these results to populations with different demographics (Russell et al., 2016).
Students self-selected into course sections based on personal choice (i.e. morning or
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an afternoon class), course instructor, and/or the availability in their schedule. Since
participants could not be randomly assigned into course sections, individual sections
may be unequal in student composition, such as sex, major, and/or foundation
knowledge. Furthermore, the educational environment varies between sections due to
situational factors, such as the time of day the course is scheduled, class size, and the
educational culture established by the instructor. In an attempt to minimize the teacher
effect, consistent pedagogical approaches were utilized between sections consisting of
an interrupted lecture style using clicker questions. Even still, variation does exist
within the education environment and culture of the class, which limits this study.
Demographic data used to predict academic achievement were collected from the
Office of Institutional Research and were self-reported by students on their admission
application. This data can be biased, selecting for perceived desired responses from
students (Young et al., 2019). The demographic data used to conduct predictive
analysis contained differences among sample sizes for the categorical factors and
some unobserved levels (i.e. Pacific Islander and BS BIO majors), which limits our
research.
Academic achievement from lecture exams and laboratory practicals may not
accurately represent course learning (Allen, 2005). Also, since we used data generated
from the Scantron output to calculate the lecture exam average and laboratory grades
for analysis, any instructor errors in the answer keys for these assessments would limit
our study. Missing data was largely due to two reasons: 1) an instructor failed to
include 12 of the lecture questions on two exams in two sections of the spring 2019
A&P II course; and, 2) the exclusion of data (15 lecture exam questions) from spring
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2020 A&P II students due to online testing resulting from the COVID-19 pandemic.
The spring 2020 retention exam was also administered online during the pandemic and
was excluded from the analysis. Although the missing data was statistically accounted
for in this study, it still presents a limitation. Test-retest methods, such as with the
retention exam, limit this study because baseline exposure might affect performance
on the second administration when assessing for retention. Lastly, the use of MC
assessment questions presents limitations as a method of assessing anatomical
knowledge (Hall & Durward, 2009) and allows for guessing, which was not accounted
for in our study (Custers, 2010).

Conclusions
Our study compared the academic achievement and content retention of
undergraduate students through a curricular revision in course approach. Physiology
was incorporated into anatomy content to provide meaningful context through the
combination of discipline-specific human anatomy and human physiology courses into
an integrated A&P I and A&P II sequence. This revision allowed us to investigate the
influence contextual learning has on lecture exam grades, laboratory practical scores,
and anatomy content retention. We found undergraduate students in the integrated
A&P I curriculum performed significantly better on lecture exams than disciplinespecific human anatomy students. Additionally, the integrated curriculum had a higher
anatomy content retention rate at the end of the year, suggesting contextual learning
aided in knowledge acquisition and retention. However, lecture exam averages in the
second course between human physiology and A&P II were not significantly different
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nor were there significant differences between course approaches in laboratory
practical assessments. This suggests both cohorts performed equally well when
contextual learning was similar between curriculums.
Findings presented here support the assumption that contextual learning improves
knowledge acquisition and recall (Norman, 2007), especially in the lecture. Our work
emphasizes the importance of basing anatomy education in the context of physiology.
These results are encouraging as the integrated A&P pedagogical approach was
implemented only a couple of years ago at our institution and will continue to be
adjusted, suggesting academic achievement and content retention might continue to
improve through an integrated A&P course approach focused on contextual learning
(Arantes et al., 2020).
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Tables
Table 1
Study population demographics for cohort 1, separate discipline-specific human anatomy followed by
human physiology in spring 2017, fall 2018, spring 2018 (n=1,030), and consented students in cohort
2, integrated A&P I and II, from fall 2018, spring 2019, and fall 2020 (n=1,429).
Cohort 1
Cohort 2
Consented
Consented
Discipline-Specific
Integrated A&P
Characteristic
Categories
Frequency
Frequency
(Percent of Total n)
(Percent of Total n)
Age
Not applicable (N/A)
Median 18
Median 19
Range 18-32
Range 18-52
Sex
Female
714(69.3)
1047(73.3)
Male
316(30.7)
382(26.7)
Ethnicity
White
750(72.8)
1062(74.3)
Hispanic
85(8.3)
123(8.6)
No Report
51(5.0)
49(3.4)
Black
45(4.4)
74(5.2)
Asian
49(4.8)
61(4.3)
2 or More
27(2.6)
36(2.5)
Non-Resident Alien
0(0)
0(0)
Native American
1(0.2)
1(0.1)
Pacific Islander
0(0)
0(0)
First-generation
No
667(64.8)
823 (57.6)
college student
Yes
331(32.1)
324(22.7)
Not reported
32(3.1)
282(19.7)
Pell Status
No
817(79.3)
1061(74.2)
Yes
213(20.7)
368(25.8)
Major (top 6)
Kinesiology
235(22.8)
205(14.3)
Pharm D
215(20.9)
154(10.8)
Pharm Science
69(6.7)
36(2.5)
Nursing
137(13.3)
430(30.1)
Biology (BA)
22(2.1)
50(3.5)
Health Studies
44(4.2)
97(6.7)
Biomedical Engineer
43(4.2)
78(5.5)
Residency
Out-of-State
533(51.7)
780(54.6)
Instate
433(42.0)
600(42.0)
Regional
45(4.4)
25(1.7)
International
19(1.8)
23(1.6)
Mean HS GPA
N/A
3.69
3.67
Mean SAT Score N/A
1190
1190
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Table 2
Psychometric summary
Test

Lab practical
1

Retention
exam

Exploratory analysis
1

Lecture Exam
Average

Criterion

1

1

Number of factors
Percent positive
loadings

100%

98.33%

96.25%

100%

Coefficient omega

0.88

0.92

0.86

> 0.70

100%

100%

Confirmatory analysis*
Percent positive
loadings
CFI

92.86%

100%

0.98

0.96

0.95

> 0.90

RMSEA

0.0258

0.0191

0.0227

< 0.10

SRMR

0.0320

0.0362

0.0371

< 0.10

Coefficient omega
0.86
0.88
0.82
> 0.70
Note: Criterion column represents recommended levels based on psychometric and statistical
considerations from Furr (2017) and Harlow (2014). Unidimensionality was expected, so that was the
criterion against which the number of factors was compared.
*Based on the assumption of invariance of loadings, the most important level of invariance for a group
mean comparison analysis.
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Table 3
Estimated means for learning mediators and outcome
Discipline-specific
Integrated A&P
Variable
course mean
course mean

t

df

p

Mediators (A path)
Lab
practical
First course
exam
average
Retention
rate*

73.81

73.81

0.16

4960.10

0.8718

68.11

74.05

3.16

30.19

0.0036

66.11

75.32

4.64

1624.29

< 0.0001

Outcome (C path)
Second
course exam
average
71.17
71.35
-1.69
29.58
0.1014
*The retention rate is reported, computed as retention score on the repeated exam items at the end of
the second class / original score on repeated exam items during first class *100. The hypothesis test
reported is for the interaction term under the null hypothesis of homogeneous anatomy content
retention between course approaches.
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Table 4
The statistical model for mediation and moderation analysis
Parameter

Estimate

Error

t

df

p

7.73

8.72

0.89

30.43

0.3805

Instructional variables (C path)
49.72
16.80

2.96

29.76

0.0060

Intercept
Integrated course approach
Discipline-specific approach

Reference group

Second class (human physiology or A&P II)

33.42

First class (human anatomy or A&P I)

10.59

3.16

30.16

0.0036

Reference group

Second class after integration

-38.77

22.90

-1.69

29.58

0.1014

Term

0.21

0.08

2.55

246.20

0.0114

Term after integration

-0.17

0.11

-1.56

204.60

0.1203

Spring semester first course

-3.78

1.09

-3.46

58.05

0.0010

Spring semester second course

1.75

1.38

1.27

36.24

0.2122

Spring semester in first course after integration

2.76

1.55

1.78

42.66

0.1285

Spring semester in second class after integration

-2.61

2.01

-1.30

33.80

0.2023

0.04

20.63

276.05

<0.0001

Fall semester first course

Reference group

Mediators (B path)
0.83

Lab practical grade
Lab practical grade in second class

-0.47

0.05

-10.13

116.49

<0.0001

Lab practical grade after integration

-0.63

0.05

-12.23

102.05

<0.0001

Lab practical grade in second class after integration

0.53

0.06

8.37

75.40

<0.0001

Retention score

-0.02

0.03

-0.93

226.36

0.3534

Retention score in second class

0.07

0.03

2.18

120.36

0.0312

Retention score after integration

0.04

0.03

1.24

160.28

0.2168

-0.09

0.04

-2.23

177.23

0.0270

Demographic covariates (A path)
0.97
0.80

1.20

45.40

0.2364

Retention score in second class after integration
Female identity
Male identity

Reference group

Nonwhite primary ethnic identity

-1.58

White primary ethnic identity

0.85

-1.85

44.34

0.0710

Reference group

First generation

-1.02

Not first-generation

0.83

-1.22

39.45

0.2298

Reference group

Pharmacy major

3.37

1.52

2.22

41.59

0.0319

Other major

-2.32

1.38

-1.68

37.53

0.1012

Nursing major
Female identity after integration

Reference group
Moderators (C path)
-0.13
1.18

-0.11

37.42

0.9130

Nonwhite primary ethnic identity after integration

-1.94

1.17

-1.66

39.36

0.1054

First generation status after integration

0.40

1.11

0.37

37.74

0.7135

Pharmacy major after integration

1.57

2.17

0.72

36.83

0.4760

Other major after integration

0.45

1.62

0.28

37.11

0.7810
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Instructor

Likelihood ratio test for random effects
-

Individual

-

160

-

3.06

1

0.0802

71.24

2

<0.0001

Table 5
Combined effects of mediators on lecture exam average for the second course for mediator analysis.
Lab practical
Anatomy Content Retention
(B path)
(B path)
Course
Approach
Course Slope Error
Z
p
Slope Error
Z
p
Disciplinespecific
First
0.83
0.07
12.46
< 0.0001
-0.02
0.02
-1.36 0.1738
Second
0.35
0.05
6.39
< 0.0001
0.05
0.03
1.24 0.2150
Integrated
First
0.19
0.03
7.44
< 0.0001
0.02
0.01
1.26 0.2077
Second
0.25
0.04
6.66
< 0.0001
-0.01
0.02
-0.42 0.6745
Note: Slope estimates are based on the statistical model reported in Table 4, representing the combined
effect of the mediators on lecture exam averages for the second course. Error estimates were based on
bootstrapped resampling with the replacement of the original data. A total of 100 bootstrapped
resamples were used to estimate the variation of parameter estimates.
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Figures
Figure 1
Statistical mediation analysis depiction:

Statistical moderation analysis depiction:

Note: Statistical mediation (a) and moderation (b) analysis depiction adapted from Baron and Kenney
(1986). In the case of this analysis, for mediation, the independent variable is course approach
(discipline-specific or integrated), the mediator is learning (measured by lab practical grades, lecture
exam average for the first course, and anatomy content retention rate), and the outcome is second
course (human physiology or A&P II) lecture exam average. For moderation, the predictors are sex,
ethnic identity, first-generation college student status, and college major. The moderator is the course
approach (discipline-specific or integrated), and, as before, the outcome is the second-course lecture
exam average.
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Figure 2
The estimated lecture exam means over time, before (first class is human anatomy,
second class is human physiology), and after (first class is A&P I, second class is
A&P II) course integration that occurred in Fall 2018.
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Appendices
Appendix A. Characteristics of human anatomy and A&P I.
Course Title
Course Description

Human Anatomy
Elementary anatomy of the
organ systems, studies with
the aid of charts, models,
and predissected
specimens.

Requisites

No required pre-requisites.

Credits and Seat Time

4 credit lecture and lab;
Fall and Spring semesters;
15 weeks, 150
minutes/week each lecture,
and 170 minutes/week
each lab.
Organization &
terminology, organ and
organ systems:
integumentary, skeletal,
articulations, muscular,
nervous, cardiovascular,
respiratory, digestive,
urinary, and reproductive.
Organization &
terminology, organ and
organ systems:
integumentary, skeletal,
articulations, muscular,
nervous, cardiovascular,
respiratory, digestive,
urinary, and reproductive.
Spring 2017, Fall 2017,
Spring 2018
Face-to-face lecture and
lab
Human Anatomy, Martini,
Timmons & Tallitsch, 8th
edition. Modified

Lecture Content Sequence

Lab Content Sequence

Semester
Instructional Delivery
Lecture Textbook
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Human A&P I
Explores the integration of
the structures and
functions of the human
organism through a
systems approach;
including the biochemical
properties of the cell,
integumentary, muscular,
skeletal, and nervous
systems.
Credit or concurrent
enrollment in the
associated 1 credit lab. No
required pre-requisites.
3 credit lecture, 1 credit
lab; Fall and Spring
semesters; 15 weeks, 150
minutes/week each lecture,
and 170 minutes/week
each lab.
Organization &
terminology, cells,
histology, integumentary
system, skeletal system,
articulations, muscular
system, and nervous
system.
Safety, microscope,
histology, skin, skeletal
system, joints, muscles,
and nervous system

Fall 2018, Spring 2019,
Fall 2019
Same
Fundamentals of Anatomy
& Physiology, Martini,
Nath and Bartholomew,
11th edition. Modified

Grading

Grading Scale

Core Requirement

mastering A&P software.
Top hat software.
Final lecture course grade:
4 unit exams (400 points),
mastering homework (100
points), top hat in-class
questions (25 points) = 525
points.
A
>93%
A90-92.9 %
B+
87-89.9%
B
83-86.9%
B80-82.9%
C+
77-79.9%
C
73-76.9%
C70-72.9%
D+
65-69.9%
D
60-64.9%
F
below 60%
Nursing, pharmaceutical
science, Doctor of
pharmacy, kinesiology,
nutrition and dietetics,
biomedical engineering,
medical laboratory science
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mastering A&P software.
Top hat software.
Same

Same

Same

Appendix B. The 80 lecture exam questions that were administered to students in both
course approaches, human anatomy and A& P. Questions 1-60 were also utilized on
the anatomy content retention exam.
1.
A)
B)
C)
D)
E)

The inguinal region lies
on the anterior neck.
on the external genitals.
where the thigh joins the trunk.
anterior to the elbow joint.
posterior knee.

2.
A)
B)
C)
D)
E)

A frontal (coronal) section is in a plane that __________.
divides the body into superior and inferior sections
is at right angles to the longitudinal axis
divides the body into anterior and posterior sections
divides the body into left and right sections
divides the body into frontal sections

3.
A)
B)
C)
D)
E)

The ________lines the body wall within the abdominopelvic cavity.
Superficial fascia
mesentery proper
visceral pleura
parietal peritoneum
parietal pericardium

4.
A)
B)
C)
D)
E)

In the prone position, __________________________.
the body is lying in anatomical position face down
the body is lying in anatomical position face up
the body faces posteriorly
the body is situated facing posteriorly and the eyes are open.
the head is turned to the left, and the eyes are closed

5. While walking barefoot on the beach, Joe stepped on a thorn that penetrated
through the sole of his foot to the dermis. How many layers of epidermis did the thorn
penetrate?
A) 1
B) 2
C) 3
D) 4
E) 5
6.
A)
B)
C)
D)

A needle would pierce the epidermal layers of the forearm in which order?
basale, spinosum, granulosum, lucidum, corneum
corneum, granulosum, spinosum, basale
basale, spinosum, granulosum, corneum
granulosum, basale, spinosum, corneum
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E) corneum, lucidum, granulosum, spinosum, basale
7. The layer of the skin that contains the blood vessels and nerves that are closest to
the surface of the skin is the________________layer.
A) hypodermal
B) epidermal
C) papillary
D) reticular
E) subcutaneous
8.
A)
B)
C)
D)
E)

Hairs are produced within organs called
arrector pili.
hair roots.
papillary follicles.
hair papillae.
hair follicles.

9. During track and field practice one of the runners trips over a hurdle and falls
forward. Fortunately, he is able to break his fall with his hands. However, he stands up
holding his wrist in pain. What type of fracture might he have sustained?
A) Colles fracture
B) displaced fracture
C) compound fracture
D) greenstick fracture
E) None of the answers are correct.
10. The space occupied by an osteocyte is called a____________.
A) trabecula.
B) Haversian canal.
C) Venetian canal.
D) lacuna.
E) Volkmann’s canal.
11. A fracture in the shaft of a bone would be a break in the ________________.
A) metaphysis
B) epiphysis
C) growth plate
D) diaphysis
E) articular cartilage
12. Bones are covered and lined by a protective tissue called periosteum. The inner
(osteogenic) layer consists primarily of
_________________________.
A) cartilage and compact bone
B) osteoprogenitor cells
C) spongy bone
D) dense irregular connective tissue
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E) chondrocytes and osteocytes
13. Vertebrae with large, oval-shaped bodies, triangular vertebral foramina, and
stumpy spinous processes describe the __________vertebrae.
A) thoracic
B) sacral
C) lumbar
D) coccygeal
E) cervical
14. The anterior two-thirds of the bony (hard) palate is formed by the _______ of the
maxillae.
A) palatine process
B) alveolar process
C) orbital surface
D) frontal process
E) alveolar process
15. The spinous processes of the five fused sacral vertebrae form a series of elevations
along the ________________.
A) medial sacral promontory
B) median sacral crest
C) medial sacral hiatus
D) lateral sacral cornua
E) lateral sacral tuberosity
16. The broad, triangular______________ articulates with the clavicles of the
appendicular skeleton and the costal cartilages of the first pair of ribs.
A) sternal body
B) interarticular crest
C) manubrium
D) jugular notch
E) xiphoid process
17. Which of the following is a large, posterior process that projects from the lateral
end of the scapular spine?
A) coracoid process
B) acromion
C) trochlea
D) coronoid process
E) capitulum
18. In anatomical position,
A) the radius is lateral to the ulna.
B) the hallux is lateral to the 5th metatarsal
C) the ulna is lateral to the radius.
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D) the styloid process of the radius is medial to the ulna.
E) the head of the radius is medial to the ulna.
19. Which portion of the fibula articulates with the talus?
A) calcaneus
B) medial malleolus
C) intercondylar eminence
D) head
E) lateral malleolus
20. The large process of the femur that projects laterally from the junction of the neck
and shaft is the _______________.
A) greater trochanter
B) Linea aspera
C) Lateral epicondyle
D) Lateral condyle
E) Lesser trochanter
21. An epiphyseal line is an example of a
A) synostosis.
B) synchondrosis.
C) syndesmosis.
D) symphysis.
E) gomphosis.
22. Many gyms feature weightlifting machines called “adductor machines” that are
used to strengthen the thighs. If you were to work out on one of these, what would you
be doing?
A) pushing both thighs outward, separating your knees as far as you can
B) twisting both thighs to the left, then to the right
C) lifting both thighs upward
D) pulling both thighs inward toward a center point, bringing your knees together
E) None of the answers is correct.
23. The movement made at the proximal radioulnar joint when turning the palm of the
hand upward is called ________.
A) extension
B) supination
C) pronation
D) retraction
E) flexion
24. The ________ connects the laminae of adjacent vertebrae within the vertebral
arch.
A) posterior longitudinal ligament
B) interspinous ligament
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C) supraspinous ligament
D) ligamentum flavum
E) anterior longitudinal ligament
25. The medial surface of the knee joint is reinforced by the ________ ligament.
A) fibular collateral
B) patellar
C) tibial collateral
D) cruciate
E) popliteal
26. The dense layer of connective tissue that surrounds an entire skeletal muscle is the
A) epimysium.
B) fascicle.
C) endomysium.
D) perimysium.
E) tendon.
27. At each end of the muscle, the collagen fibers of the epimysium, and each
perimysium and endomysium, come together to form a
A) tenosynovium.
B) sheath.
C) satellite cell.
D) tendon.
E) ligament.
28. The repeating contractile unit of a skeletal muscle fiber is the extending from Z
line to Z line is the
A) myofibril.
B) sarcolemma.
C) sarcomere.
D) myofilament.
E) sarcoplasmic reticulum.
29. Since each myofibril is attached at either end of the muscle fiber, when sarcomeres
shorten, the muscle fiber
A) weakens.
B) shortens.
C) strengthens.
D) lengthens.
E) There is insufficient information to determine the answer.
30. Which of the following best describes the term “Z line”?
A) repeating unit of striated myofibrils
B) protein that accounts for elasticity of resting muscle
C) largely made of myosin molecules
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D) where thin filaments are anchored
E) storage site for calcium ions
31. Pam’s daughter is born cross-eyed. As she grows, the problem does not improve.
Her physician suggests cutting an eye muscle to bring the eyes into a more normal
position. Which muscle will the doctor cut?
A) lateral rectus
B) superior oblique
C) inferior rectus
D) superior rectus
E) medial rectus
32. Twelve-year-old Aaron tried out for the Little League baseball team and was
chosen as a pitcher. One day, after a few months of practice and games, Aaron’s father
told him, “Hey, kid, you’re really getting some muscle definition there! You’re going
to be a major league pitcher someday, with muscles like that!” Which of Aaron’s
muscles in particular do you think were growing stronger and getting larger as a result
of his pitching?
A) deltoid, triceps brachii, and brachioradialis
B) peroneus longus, biceps femoris, gastrocnemius
C) sartorius, soleus
D) triangularis, masseter, trapezius
E) mentalis, temporaslis, masseter
33. Take a deep breath & hold it! Now exhale and force as much air out of your lungs
as you can. If you did, then you just used me. Who am I? (Hint: my action is to
contract and draw your ribs together).
A) recus abdominis
B) transverse abdominis
C) external intercostals
D) internal intercostals
E) erector spinae
34. Which of the following muscles has its insertion on the xiphoid process of the
sternum?
A) internal oblique
B) internal intercostal
C) external intercostal
D) scalene
E) rectus abdominis
35. An antagonist to the gastrocnemius is the
A) extensor digitorum longus.
B) tibialis anterior.
C) pronator teres.
D) tibialis posterior.
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E) soleus.
36. The deepest muscle of the anterior abdominal wall is the
A) rectus abdominis.
B) internal oblique.
C) transversus abdominis.
D) external oblique.
E) internal intercostals
37. The prime mover for trunk flexion when doing a sit-up is the
A) rectus abdominis.
B) splenius capitis.
C) erector spinae.
D) splenius cervicis.
E) psosa major
38. Muscles of the rotator cuff include all of the following except the
A) supraspinatus.
B) teres major.
C) infraspinatus.
D) teres minor.
E) subscapularis.
39. The powerful abductor muscle of the upper arm is the
A) coracobrachialis.
B) teres major.
C) pectoralis major.
D) subscapularis.
E) deltoid.
40. Contraction of the muscle that inserts on the radial tuberosity results in
A) flexion of the forearm.
B) adduction of the forearm.
C) rotation of the shoulder.
D) extension of the forearm.
E) abduction of the forearm.
41. A somatic motor neuron carries
A) motor commands to the skeletal musculature.
B) information from the skin to the CNS.
C) information that signals muscle contraction in the organs in the ventral cavity.
D) information, such as pain, from the viscera in the ventral cavity to the CNS.
E) motor commands to cardiac and smooth musculature
42. Which of the following is the correct path an impulse takes across a synapse?
A) dendrite of presynaptic neuron, synaptic cleft, axon of postsynaptic neuron
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B)
C)
D)
E)

synaptic cleft, dendrite of postsynaptic neuron, axon of presynaptic neuron
axon of presynaptic neuron, synaptic cleft, dendrite of postsynaptic neuron
axon of postsynaptic neuron, dendrite of presynaptic neuron, synaptic cleft
axon of presynaptic neuron, synaptic cleft, dendrite of presynapic neuron

43. Which cells are the macrophages of the CNS?
A) Schwann cells
B) ependymal cells
C) microglial cells
D) satellite cells
E) oligodendrocytes
44. Of the following, which is the only structure that is in the PNS, as opposed to the
CNS?
A) a ganglion
B) white matter
C) gray matter
D) a tract
E) nuclei
45. Which of the following is the correct arrangement of a reflex arc?
A) integration center, receptor, sensory neuron, motor neuron, effector
B) receptor, motor neuron, integration center, effector, sensory neuron
C) receptor, sensory neuron, integration center, motor neuron, effector
D) effector, sensory neuron, integration center, motor neuron, receptor
E) receptor, motor neuron, integration center, sensory neuron, effector
46. White matter represents
A) myelinated axons traveling together in the CNS.
B) aggregations of neuron cell bodies in the brain.
C) dendrites traveling together in the ANS.
D) aggregations of neuron cell bodies in the spinal cord.
E) unmyelinated axons traveling together in the PNS.
47. Which of the following most immediately encases the smallest component of a
nerve?
A) endoneurium
B) fascicle
C) epineurium
D) perineurium
E) adamsneurium
48. An axon collateral from one neuron that circles back and synapses with a previous
neuron describes
A) serial processing.
B) a reverberating circuit.
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C) parallel processing.
D) a converging circuit.
E) a diverging circuit.
49. The ventral root of a spinal nerve contains ________.
A) cell bodies of motor neurons
B) axons of sensory neurons
C) ventral rami
D) axons of motor neurons
E) interneurons
50. The nuclei in the spinal cord that contain the cell bodies of the visceral motor
neurons are located in (the) ________.
A) ventral roots
B) lateral gray horns
C) posterior gray horns
D) anterior gray horns
E) gray commissures
51. The structure that connects the third ventricle with the fourth ventricle is the
________.
A) hypothalamus
B) septum pellucidum
C) longitudinal fissure
D) epithalamus
E) aqueduct of the midbrain
52. The fold of dura mater that projects between the cerebral hemispheres in the
longitudinal fissure is the ________.
A) falx cerebri
B) diaphragma sellae
C) falx cerebelli
D) tentorium cerebelli
E) arachnoid granulation
53. Which structure is responsible for the production of cerebrospinal fluid?
A) tentorium cerebelli
B) septum pellucidum
C) sagittal sinus
D) dural sinus
E) choroid plexus
54. The occipital lobe contains (the) ________.
A) tactile areas
B) primary motor cortex
C) auditory cortex
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D) gustatory cortex
E) visual cortex
55. Which of the following cranial nerves have mixed sensory and motor functions?
A) N VI, N VII
B) N II, N V
C) N I, N III
D) N VII, N IX
E) N VIII, N XI
56. Postganglionic sympathetic fibers that innervate structures within the body wall
________.
A) proceed directly to their peripheral targets within cranial nerves and
parasympathetic nerves
B) return to the spinal nerves to provide motor innervation to structures in the ventral
body cavities
C) enter the white ramus
D) enter the gray ramus
E) do not return to the spinal nerve for subsequent distribution
57. When sympathetic preganglionic fibers are active which neurotransmitter do they
release at their synapses with ganglionic neurons?
A) norepinephrine
B) epinephrine
C) dopamine
D) acetylcholine
E) serotonin
58. ________ lie lateral to each side of the vertebral column.
A) Parasympathetic ganglia
B) Otic ganglia
C) Prevertebral ganglia
D) Collateral ganglia
E) Sympathetic chain ganglia
59. In the sympathetic division of the nervous system, where are the cell bodies of
preganglionic neurons located?
A) anterior white columns of the spinal cord between C3 and L2
B) lateral gray horns of the spinal cord between T1 and L2
C) posterior white columns of the spinal cord between C7 and T3
D) dorsal white columns of the spinal cord between T8 and L5
E) ventral gray horns of the spinal cord between C3 and C7
60. Which of the following is a general function of the parasympathetic division of the
ANS?
A) inhibition of sexual arousal
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B)
C)
D)
E)

increased heart rate
dilation of the respiratory passageways
dilation of the pupils
increased smooth muscle activity along the digestive tract

61. Contraction of these structures tightens the chordae tendineae, preventing valve
prolapse.
A) crista terminalis
B) trabeculae carneae
C) papillary muscles
D) atrioventricular bundle
E) pectinate muscles
62. If the beating heart makes a “lub-dup” sound, the “dup” sound is caused by
A) vibrations that result from the semilunar valves slamming shut.
B) the apex of the heart hitting the anterior chest wall.
C) the large force of the contracting ventricles.
D) a stenotic atrioventricular valve.
E) gas build up in the right atrium.
63. The first blood vessels to branch from the aorta are the ________ arteries.
A) coronary
B) subclavian
C) circumflex
D) carotid
E) brachiocephalic
64. The following is a list of vessels and structures that are associated with the heart.
1. right atrium
2. left atrium
3. right ventricle
4. left ventricle
5. venae cavae
6. aorta
7. pulmonary trunk
8. pulmonary veins
What is the correct order for the flow of blood entering from the systemic circulation?
A) 5, 1, 3, 7, 8, 2, 4, 6
B) 5, 1, 3, 8, 7, 2, 4, 6
C) 1, 7, 3, 8, 2, 4, 6, 5
D) 5, 3, 1, 7, 8, 4, 2, 6
E) 1, 2, 7, 8, 3, 4, 6, 5
65. Permitting the exchange of nutrients and gases between the blood and tissue cells
is the primary function of ________.
A) arterioles
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B) veins
C) arteries
D) capillaries
E) venules
66. Which of the following statements regarding the hepatic portal system is FALSE?
A) It branches off of the inferior vena cava.
B) It consists of a vein connecting two capillary beds together.
C) Its major vessels are the superior mesenteric, inferior mesenteric, and splenic
veins.
D) It carries nutrients, toxins, and microorganisms to the liver for processing.
E) It connects the digestive system to the liver.
67. Which systems share the pharynx?
A) digestive and lymphatic
B) endocrine and digestive
C) digestive and respiratory
D) respiratory and cardiovascular
E) respiratory and endocrine
68. The left lung is longer than the right lung because the diaphragm rises on the right
side to accommodate which structure?
A) heart
B) stomach
C) spleen
D) liver
E) large intestine
69. The right primary bronchus divides into how many secondary bronchi?
A) one
B) three
C) two
D) five
E) four
70. Which subdivision of the small intestine is connected to the pylorus?
A) ileum
B) body
C) duodenum
D) jejunum
E) cecum
71. Problems caused by reduced bile secretion may include ________.
A) appendicitis
B) constipation
C) decreased protein digestion in the jejunum
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D) a reduced ability to digest lipids
E) decreased intestinal motility
72. Structures that unite to form the common bile duct include:
1. hepatopancreatic sphincter
2. porta hepatis
3. cystic duct
4. common hepatic duct
5. duodenal papilla
A) 1, 2, 3
B) B) 1, 2
C) C) 3, 4
D) D) 1, 3, 5
E) E) 2, 4
73. The medial concave cleft in which vessels, ureters, and nerves enter/leave the
kidney.
A) renal capsule
B) hilum
C) renal corpuscle
D) cortex
E) sinus
74. Why are urinary tract infections more common in females than in males?
A) In females the urethra is shorter than in males.
B) In females the urethra is attached to the anterior vaginal wall by connective tissue.
C) In males the urethra is shared by the both the reproductive and the urinary systems,
whereas in females it is part of the urinary system only.
D) In males the urethra is made up of three regions, whereas in females it is made of
only one.
E) All of the above
75. The glomerulus differs from other capillaries in the body in that it ________.
A) is drained by an efferent arteriole
B) has a blood pressure much lower than other organ systems
C) has a basement membrane
D) is impermeable to most substances
E) blood is delivered by a venule
76. The inferior portion of the uterus that projects into the vagina is the
A) fornix.
B) cervix.
C) fundus.
D) body.
E) isthmus.
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77. The dartos and cremaster muscles are important to the integrity of the male
reproductive system. Which of the following is true about the role they play?
A) They contract to allow ejaculation.
B) They regulate the temperature of the testes.
C) They are responsible for penile erection.
D) They contract to push sperm along the ductus deferens.
E) They contain armour cells that protect the external reproductive structures.
78. The spermatic cord is
A) the external marking of the boundary between the two chambers of the scrotum.
B) a layer of smooth muscle in the skin of the scrotal sac.
C) a dense layer of connective tissue that surrounds the testis.
D) a narrow opening that links the scrotal chamber with the peritoneal cavity.
E) a bundle of tissue that contains the ductus deferens, blood vessels, nerves, and
lymphatics that serve the testis.
79. What is the proper arrangement of the four structures listed below into the order in
which sperm pass from the testis to the urethral exit?
1. ductus deferens
2. urethra
3. ejaculatory duct
4. epididymis
A) 4, 1, 2, 3
B) 4, 3, 1, 2
C) 1, 3, 4, 2
D) 1, 4, 3, 2
E) 4, 1, 3, 2
80. The ________ is the rounded portion of the uterine body superior to the
attachment of the uterine tubes.
A) myometrium
B) internal os
C) cervix
D) fundus
E) body
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Appendix C
Predictive factors and academic achievement (lecture exam grade average) for the
first course (human anatomy and A&P I) model results.
Fixed effects
Variable

Level

Beta

Error

p

-0.01

0.06

0.9070

-0.05

0.06

0.4674

0.03

0.02

0.2293

Hispanic

-0.03

0.02

0.1962

Black

-0.04

0.02

0.0740

Asian

-0.06

0.02

0.0051

2 or more races

-0.04

0.02

0.0411

-0.02

0.02

0.3617

First-generation
college student

Not reported
Not first generation
(reference)

0.02

0.02

0.4041

SES

First generation
Not Pell applicable
(reference)
Pell applicable

-0.02

0.02

0.3675

Kinesiology

-0.04

0.03

0.1592

Intercept

Course approach

Categorical factors
Discipline-Specific
anatomy (reference)
Integrated A&P I

Sex

Male (reference)
Female

Ethnicity

Major

White (reference)

Nursing (reference)
Pharm D

0.08

0.03

0.0056

Pharmaceutical Science

0.00

0.02

0.9582

Biology BA

0.04

0.02

0.1240

Biomedical engineering

-0.04

0.02

0.1388

Continuous factors
High school GPA

0.22

0.03

<0.0001

SAT score

0.23

0.03

<0.0001

Random effects
Effects
Intercept and all
predictive factors

Level
Course section* course
approach

Gamma

Error

p

<0.01

<0.01

0.9314

Intercept

Course section

0.05

0.03

0.0620

0.64

0.02

<0.0001

Residual
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Appendix Da
Comparisons of the difficult index (percent of correct responses) for the same anatomy questions
included on lecture exams between course approach, discipline-specific and integrated A&P.
Difficulty Index
Comparison of Curriculum
DisciplineIntegrated
Z test of
Question
specific
A&P
Overall
proportions1
Cohen’s h2
Exam 1
1
0.82
0.80
0.81
1.30
0.05
2
0.96
0.95
0.95
1.11
0.04
3
0.60
0.76
0.68
-8.67*
0.33
4
0.82
0.86
0.84
-3.04*
0.12
5
0.83
0.77
0.80
4.20*
0.16
6
0.67
0.75
0.71
-4.39*
0.17
7
0.73
0.71
0.72
1.11
0.04
8
0.67
0.64
0.65
1.47
0.06
9
0.39
0.51
0.41
-4.07*
0.24
10
0.78
0.89
0.84
-7.90*
0.31
11
0.79
0.46
0.62
18.00*
0.71
12
0.34
0.71
0.52
-19.56*
0.77
13
0.76
0.62
0.69
7.99*
0.31
14
0.73
0.78
0.76
-2.68*
0.10
15
0.71
0.70
0.70
0.72
0.03
16
0.69
0.60
0.65
4.92*
0.19
17
0.53
0.84
0.69
-17.60*
0.69
18
0.85
0.54
0.69
17.29*
0.68
19
0.52
0.76
0.64
-12.64*
0.49
20
0.71
0.39
0.55
16.47*
0.64
Exam 2
1
0.31
0.82
0.58
-26.65*
1.09
2
0.84
0.82
0.83
1.36
0.05
3
0.87
0.30
0.58
30.10*
1.26
4
0.46
0.45
0.46
0.46
0.02
5
0.65
0.89
0.78
-14.52*
0.58
6
0.76
0.89
0.83
-8.54*
0.34
7
0.72
0.84
0.78
-7.24*
0.28
8
0.72
0.90
0.81
-11.70*
0.46
9
0.64
0.79
0.71
-8.68*
0.34
10
0.62
0.78
0.70
-9.25*
0.36
11
0.69
0.87
0.78
-11.72*
0.46
12
0.91
0.99
0.95
-9.35*
0.40
13
0.77
0.77
0.77
-0.29
0.01
14
0.60
0.78
0.69
-10.05*
0.39
15
0.65
0.62
0.63
1.56
0.06
16
0.74
0.75
0.74
-0.51
0.02
17
0.83
0.89
0.86
-4.09*
0.16
18
0.67
0.78
0.72
-6.52*
0.25
19
0.81
0.84
0.83
-2.51*
0.10
20
0.81
0.76
0.78
2.83*
0.11
Exam 3
1
0.76
0.81
0.78
-3.01*
0.12
2
0.64
0.74
0.69
-5.53*
0.21
3
0.60
0.61
0.60
-0.18
0.01
4
0.64
0.60
0.62
2.44*
0.09
5
0.80
0.93
0.86
-9.54*
0.38
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6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

0.70
0.74
0.78
0.62
0.59
0.81
0.67
0.74
0.83
0.68
0.31
0.63
0.72
0.63
0.69

0.73
0.74
0.86
0.68
0.59
0.83
0.66
0.75
0.81
0.72
0.30
0.68
0.62
0.52
0.75

0.71
-1.22
0.05
0.74
0.13
0.00
0.82
-6.02*
0.23
0.65
-3.09*
0.12
0.59
-0.38
0.01
0.82
-1.30
0.05
0.67
0.32
0.01
0.75
-0.84
0.03
0.82
0.92
0.04
0.70
-1.81
0.07
0.30
0.54
0.02
0.66
-2.75*
0.11
0.67
5.21*
0.20
0.57
6.12*
0.24
0.72
-3.42*
0.13
Exam 4
1
0.86
0.80
0.83
4.13*
0.17
2
0.48
0.72
0.59
-11.38*
0.49
3
0.34
0.41
0.37
-3.35*
0.14
4
0.83
0.83
0.83
0.28
0.01
5
0.80
0.92
0.85
-7.90*
0.35
6
0.22
0.90
0.53
-32.37*
1.50
7
0.96
0.72
0.85
16.08*
0.70
8
0.55
0.81
0.67
-13.46*
0.58
9
0.71
0.93
0.81
-13.13*
0.59
10
0.79
0.56
0.68
11.68*
0.49
11
0.72
0.74
0.73
-0.66
0.03
12
0.86
0.58
0.75
13.94*
0.62
13
0.68
0.76
0.71
-4.28*
0.19
14
0.39
0.89
0.56
-21.52*
1.12
15
0.58
0.49
0.55
3.91*
0.18
16
0.90
0.91
0.90
-1.23
0.06
17
0.59
0.77
0.65
-8.13*
0.39
18
0.76
0.89
0.81
-7.13*
0.36
19
0.76
0.82
0.78
-2.80*
0.13
20
0.62
0.84
0.70
-10.31*
0.50
*Significant following a Benjamini Hochberg adjustment to the Bonferroni correction.
1: For the Bonferroni correction, the critical Z is 3.24.
2: Convention for Cohen’s h is small effect = 0.20, medium effect = 0.50, large effect = 0.80.
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Appendix Db
Comparisons of the difficult index (percent of correct responses) for same anatomy questions included
on laboratory practical exams between course approach, discipline-specific and integrated A&P.
Difficulty Index
Comparison of Curriculum
DisciplineIntegrated
Z test of
Question
specific
A&P
Overall
proportions1
Cohen’s h2
Practical 1
1
0.64
0.83
0.74
-10.97*
0.42
2
0.81
0.58
0.69
13.28*
0.51
3
0.91
0.87
0.89
3.39*
0.13
4
0.59
0.68
0.64
-5.19*
0.20
5
0.65
0.59
0.62
2.66*
0.11
6
0.76
0.76
0.76
0.36
0.01
7
0.58
0.74
0.66
-8.80*
0.34
8
0.71
0.68
0.70
1.52
0.06
9
0.86
0.79
0.83
4.15*
0.17
10
0.88
0.86
0.87
1.55
0.07
11
0.62
0.57
0.60
2.97*
0.11
12
0.57
0.79
0.68
-12.32*
0.47
13
0.85
0.46
0.65
21.93*
0.87
14
0.46
0.35
0.43
4.31*
0.23
15
0.78
0.83
0.80
-3.30*
0.13
16
0.70
0.67
0.69
1.87
0.08
17
0.94
0.91
0.93
2.63*
0.11
18
0.84
0.42
0.67
21.17*
0.92
19
0.80
0.78
0.79
1.54
0.06
20
0.81
0.78
0.80
2.00
0.08
21
0.85
0.83
0.84
1.51
0.06
22
0.72
0.66
0.69
3.31*
0.13
23
0.68
0.69
0.69
-0.34
0.01
24
0.85
0.74
0.80
6.17*
0.26
25
0.61
0.77
0.69
-9.12*
0.35
26
0.63
0.56
0.60
3.28*
0.14
27
0.92
0.84
0.89
5.41*
0.23
28
0.85
0.81
0.83
2.24*
0.09
29
0.83
0.85
0.84
-1.60
0.07
30
0.65
0.74
0.69
-4.76*
0.20
31
0.89
0.83
0.86
3.89*
0.16
32
0.85
0.79
0.82
3.49*
0.13
33
0.93
0.83
0.89
8.12*
0.34
34
0.79
0.82
0.81
-1.97
0.07
35
0.80
0.82
0.81
-1.20
0.05
36
0.30
0.49
0.40
-10.30*
0.39
37
0.64
0.54
0.59
5.40*
0.21
38
0.67
0.71
0.69
-2.39*
0.09
39
0.55
0.62
0.59
-3.45*
0.13
40
0.48
0.70
0.59
-11.67*
0.45
41
0.70
0.56
0.63
7.64*
0.29
42
0.44
0.63
0.54
-10.19*
0.39
43
0.49
0.51
0.50
-0.81
0.03
44
0.59
0.36
0.47
12.56*
0.48
45
0.75
0.55
0.66
9.86*
0.42
46
0.57
0.64
0.61
-3.90*
0.15
47
0.71
0.57
0.65
6.82*
0.29
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48
49
50
51
52
53
54
55
56
57
58
59
60
61

0.36
0.58
0.53
0.93
0.76
0.91
0.78
0.50
0.85
0.68
0.79
0.87
0.72
0.67

0.72
0.63
0.28
0.78
0.73
0.80
0.54
0.48
0.70
0.64
0.53
0.64
0.77
0.78

0.54
-19.18*
0.75
0.61
-2.35*
0.09
0.40
13.52*
0.52
0.85
10.62*
0.42
0.75
1.70
0.07
0.85
7.80*
0.31
0.66
12.90*
0.50
0.49
0.92
0.04
0.77
9.53*
0.37
0.66
2.06
0.08
0.65
13.90*
0.54
0.75
13.94*
0.55
0.75
-2.97*
0.11
0.73
-6.54*
0.25
Practical 2
62
0.93
0.92
0.93
0.45
0.02
63
0.45
0.85
0.60
-17.69*
0.87
64
0.74
0.74
0.74
-0.30
0.01
65
0.91
0.53
0.77
19.62*
0.90
66
0.58
0.92
0.71
-16.34*
0.85
67
0.91
0.90
0.91
0.31
0.01
68
0.99
0.73
0.89
18.26*
0.87
69
0.77
0.94
0.83
-9.60*
0.49
70
0.85
0.75
0.81
5.15*
0.23
71
0.55
0.80
0.64
-11.05*
0.53
72
0.59
0.62
0.60
-1.41
0.06
73
0.36
0.41
0.38
-2.33*
0.11
74
0.91
0.95
0.92
-3.32*
0.16
75
0.64
0.94
0.75
-14.93*
0.79
76
0.92
0.89
0.91
1.79
0.08
77
0.86
0.87
0.86
-0.64
0.03
78
0.93
0.97
0.94
-3.61*
0.18
79
0.82
0.92
0.86
-6.58*
0.32
80
0.88
0.90
0.89
-1.53
0.07
81
0.90
0.98
0.93
-7.23*
0.39
82
0.82
0.83
0.82
-0.37
0.02
83
0.93
0.84
0.90
6.72*
0.30
84
0.76
0.79
0.77
-1.46
0.07
85
0.75
0.74
0.75
0.80
0.04
86
0.96
0.96
0.96
0.25
0.01
87
0.73
0.83
0.76
-5.10*
0.24
88
0.79
0.73
0.77
3.08*
0.14
89
0.90
0.96
0.92
-5.05*
0.25
*Significant following a Benjamini Hochberg adjustment to the Bonferroni correction.
1: For the Bonferroni correction, the critical Z is 3.26.
2: Convention for Cohen’s h is small effect = 0.20, medium effect = 0.50, large effect = 0.80.
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Appendix Dc
Comparisons of the difficult index (percent of correct responses) for the retention exams between
course approach, discipline-specific and integrated A&P. First occasion occurred during the lecture
exam and established student baseline of knowledge. The second occasion occurred at the end of the
year-long sequences and assessed for anatomy content retention.

Question

Disciplinespecific

Difficulty Index
Integrated
A&P

Overall

Comparison of Curriculum
Z test of
proportions1
Cohen’s h2

First Occasion (Baseline Assessment)
0.80
0.81
1.30

1

0.82

2

0.96

0.95

0.95

1.11

0.04

3

0.60

0.76

0.68

-8.67*

0.33

4

0.82

0.86

0.84

-3.04*

0.12

5

0.83

0.77

0.80

4.20*

0.16

6

0.67

0.75

0.71

-4.39*

0.17

7

0.73

0.71

0.72

1.11

0.04

8

0.67

0.64

0.65

1.47

0.06

9

0.39

0.51

0.41

-4.07*

0.24

10

0.78

0.89

0.84

-7.90*

0.31

11

0.79

0.46

0.62

18.00*

0.71

12

0.34

0.71

0.52

-19.56*

0.77

13

0.76

0.62

0.69

7.99*

0.31

14

0.73

0.78

0.76

-2.68*

0.10

15

0.71

0.70

0.70

0.72

0.03

16

0.69

0.60

0.65

4.92*

0.19

17

0.53

0.84

0.69

-17.60*

0.69

18

0.85

0.54

0.69

17.29*

0.68

19

0.52

0.76

0.64

-12.64*

0.49

20

0.71

0.39

0.55

16.47*

0.64

21

0.31

0.82

0.58

-26.65*

1.09

22

0.84

0.82

0.83

1.36

0.05

23

0.87

0.30

0.58

30.10*

1.26

24

0.46

0.45

0.46

0.46

0.02

25

0.65

0.89

0.78

-14.52*

0.58

26

0.76

0.89

0.83

-8.54*

0.34

27

0.72

0.84

0.78

-7.24*

0.28

28

0.72

0.90

0.81

-11.70*

0.46

29

0.64

0.79

0.71

-8.68*

0.34

30

0.62

0.78

0.70

-9.25*

0.36

31

0.69

0.87

0.78

-11.72*

0.46

32

0.91

0.99

0.95

-9.35*

0.40

33

0.77

0.77

0.77

-0.29

0.01

34

0.60

0.78

0.69

-10.05*

0.39
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0.05

35

0.65

0.62

0.63

1.56

0.06

36

0.74

0.75

0.74

-0.51

0.02

37

0.83

0.89

0.86

-4.09*

0.16

38

0.67

0.78

0.72

-6.52*

0.25

39

0.81

0.84

0.83

-2.51*

0.10

40

0.81

0.76

0.78

2.83*

0.11

41

0.76

0.81

0.78

-3.01*

0.12

42

0.64

0.74

0.69

-5.53*

0.21

43

0.60

0.61

0.60

-0.18

0.01

44

0.64

0.60

0.62

2.44*

0.09

45

0.80

0.93

0.86

-9.54*

0.38

46

0.70

0.73

0.71

-1.22

0.05

47

0.74

0.74

0.74

0.13

0.00

48

0.78

0.86

0.82

-6.02*

0.23

49

0.62

0.68

0.65

-3.09*

0.12

50

0.59

0.59

0.59

-0.38

0.01

51

0.81

0.83

0.82

-1.30

0.05

52

0.67

0.66

0.67

0.32

0.01

53

0.74

0.75

0.75

-0.84

0.03

54

0.83

0.81

0.82

0.92

0.04

55

0.68

0.72

0.70

-1.81

0.07

56

0.31

0.30

0.30

0.54

0.02

57

0.63

0.68

0.66

-2.75*

0.11

58

0.72

0.62

0.67

5.21*

0.20

59

0.63

0.52

0.57

6.12*

0.24

60

0.69

0.75

0.72

-3.42*

0.13

Second Occasion (Retention Exam)
0.75
0.74
-1.31

0.06

1

0.73

2

0.73

0.80

0.76

-3.82*

0.17

3

0.34

0.68

0.51

-15.10*

0.70

4

0.60

0.75

0.68

-7.37*

0.34

5

0.42

0.54

0.48

-5.19*

0.24

6

0.25

0.36

0.30

-5.27*

0.24

7

0.25

0.24

0.25

0.23

0.01

8

0.46

0.58

0.52

-5.30*

0.24

9

0.19

0.27

0.23

-4.52*

0.21

10

0.44

0.72

0.59

-12.64*

0.58

11

0.47

0.56

0.52

-3.82*

0.17

12

0.11

0.14

0.13

-2.30*

0.10

13

0.68

0.63

0.65

2.18*

0.10

14

0.75

0.79

0.77

-2.38*

0.11

15

0.53

0.59

0.56

-2.83*

0.13

16

0.33

0.50

0.42

-7.32*

0.33
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17

0.26

0.38

0.32

-5.59*

0.25

18

0.62

0.79

0.71

-8.25*

0.38

19

0.26

0.27

0.27

-0.87

0.04

20

0.60

0.63

0.62

-1.52

0.07

21

0.08

0.13

0.10

-3.55*

0.16

22

0.56

0.65

0.61

-4.24*

0.19

23

0.68

0.75

0.72

-3.18*

0.14

24

0.13

0.15

0.14

-1.24

0.06

25

0.25

0.27

0.26

-0.81

0.04

26

0.39

0.38

0.39

0.42

0.02

27

0.51

0.61

0.56

-4.38*

0.20

28

0.75

0.73

0.74

0.89

0.04

29

0.58

0.53

0.55

1.98

0.09

30

0.41

0.45

0.43

-1.60

0.07

31

0.46

0.68

0.57

-9.75*

0.44

32

0.80

0.87

0.84

-4.11*

0.19

33

0.51

0.53

0.52

-1.13

0.05

34

0.32

0.50

0.41

-8.22*

0.38

35

0.37

0.45

0.41

-3.65*

0.17

36

0.39

0.52

0.46

-5.52*

0.25

37

0.72

0.82

0.77

-5.35*

0.24

38

0.26

0.43

0.35

-7.83*

0.36

39

0.51

0.59

0.55

-3.59*

0.16

40

0.47

0.56

0.52

-3.99*

0.18

41

0.48

0.40

0.44

3.82*

0.17

42

0.47

0.53

0.50

-2.38*

0.11

43

0.32

0.23

0.27

4.24*

0.19

44

0.41

0.23

0.32

8.16*

0.39

45

0.61

0.65

0.63

-1.81

0.08

46

0.57

0.50

0.53

2.99*

0.14

47

0.39

0.51

0.45

-5.47*

0.25

48

0.33

0.41

0.37

-3.94*

0.18

49

0.33

0.31

0.32

0.53

0.02

50

0.28

0.33

0.30

-2.22*

0.10

51

0.47

0.41

0.44

2.55*

0.12

52

0.30

0.41

0.36

-5.01*

0.23

53

0.57

0.51

0.54

2.92*

0.13

54

0.59

0.63

0.61

-1.95

0.09

55

0.35

0.40

0.38

-2.47*

0.11

56

0.13

0.16

0.14

-1.95

0.09

57

0.42

0.28

0.35

6.70*

0.30

58

0.33

0.34

0.34

-0.47

0.02

59

0.16

0.24

0.20

-4.44*

0.20
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60
0.46
0.50
0.48
-1.43
0.06
*Significant following a Benjamini Hochberg adjustment to the Bonferroni correction.
1: For the Bonferroni correction, the critical Z is 3.34.
2: Convention for Cohen’s h is small effect = 0.20, medium effect = 0.50, large effect = 0.80.
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“A student’s perception of the learning context is an integral part of his or her
experience of learning” (Ramsden, 1997, p. 198).
Abstract
Our institution underwent a curricular revision to change the course approach for
introductory anatomy and physiology courses from separate, discipline-specific human
anatomy and human physiology courses to an integrated A&P I and A&P II course
approach. Through a mixed-methods exploratory study, this research sought to
determine undergraduate student perceptions of anatomy through this curricular
revision. Data was collected through word associations, open-ended surveys, and
course evaluation data. Our results indicate undergraduate student perceptions of
anatomy change between the first course and the second course in the sequence, rather
than between course approaches. Students in both course approaches reported similar
interests, confusions, and difficulties related to anatomy education, and an awareness
of the explicit and implicit curriculum was evident in student responses. However,
some specific evaluation prompts exhibited a significant difference between course
approaches. Results from this perception study can guide practitioners to consider the
curricular context and unique challenges of anatomy and physiology students in
meeting the expectations of the health care field.
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Introduction
Student course perceptions and the different ideas they have regarding learning
are critical components of successful academic experiences (Trigwell and Prosser,
1991). How students view the learning process is based on their perceptions of the
course (Entwistle, 1991) and is connected to motivation (Eagleton, 2015; Nilsson and
Stromberg, 2008), interest, and a willingness to overcome difficulties. Several studies
show learning and academic performance increases when students have positive
perceptions of the learning environment (Anderton et al., 2016; Lombardi et al., 2014;
Rizzolo et al., 2010; Ferreira and Santoso, 2008; Lucas, 2001; Emanuel and Potter,
1992).
Understanding student perceptions related to a curriculum is an important first
step as the “features of a curriculum may shape the future of a profession by
influencing the quality of the educational experiences, the creation of knowledge, and
the capabilities of potential leaders in professional and broader contexts” (Peterson et
al., 2014, p. 630). Eisner (1994) defines three types of curriculum-- explicit, implicit,
and null curriculum. Explicit curriculum is publicly available in the form of formal
learning outcomes, goals, and objectives that are stated within course materials, and
consists of intentional content that can be assessed as part of a course grade. Implicit
curriculum, on the other hand, conveys informal and unofficial affective information,
such as assumptions, values, expectations, perspectives, biases, attitudes, beliefs, and
acceptable or unacceptable behaviors, which manifest as the culture of the learning
environment. The implicit curriculum is often thought of as the “hidden curriculum”
because it is not usually acknowledged or examined, but rather it encompasses the
intentional and unintentional messages communicated to students through interactions
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within the learning environment, ranging from teaching strategies to institutional
structures. Lastly, the null curriculum is what is not taught, therefore implying to
students that the subject matter is not important.
Introductory human anatomy and physiology are large enrollment gateway
courses required for continuation into a health care field (Fournier et al., 2017). These
classes enroll students from various majors and are perceived to be difficult (Sturges
and Mauner, 2013), challenging, and anxiety-provoking courses (Craft et al., 2013;
Friedel and Treagust, 2005) with high failure and withdrawal rates (Sturges et al.,
2016). Given that these courses are major requirements for a variety of allied health
programs, such as nursing, pharmacy, and kinesiology, investigating the best way to
maximize learning through course instruction and curricular components is a unique
challenge that will have important consequences.
Though there is no standard approach to how undergraduate anatomy and
physiology are instructed (Montayre and Sparks, 2017), they are typically taught as a
lecture with a laboratory component and either as an integrated two-semester series of
anatomy and physiology (A&P I and A&P II) or approached as separate disciplinespecific courses where human anatomy is followed by human physiology. The
variation in the degree to which physiology is integrated into introductory anatomy
curricula in the United States (US) reveals a lack of consensus on the best pedagogical
approach (Estai and Bunt, 2016). Much of the available research on the effects of
curricular integration within anatomy education has been conducted in the context of
medical schools. There is an absence of research focused on the academic and
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affective impacts of integration, defined here as the combination of anatomy and
physiology, at the undergraduate level.
By understanding student perceptions, instructors can tailor the learning
environment through curricular modification (Bandyopadhay and Biswas, 2017) to
increase learner satisfaction, motivation, and ultimately academic success (Webster
and Hazari, 2009; Ferreira and Santoso, 2008). Eagleton (2015) investigated
perceptions contributing to learner satisfaction and found most A&P students
described the course content as “interesting” and “relevant” to their future professional
careers. Gülpinar and Yeğen (2005) used medical students’ perception feedback on
integrating physiological concepts with clinical case studies, in combination with
academic performance, to change their pedagogical approach from didactic lectures to
interactive lectures.
A large, public research institution in the northeast US underwent a curricular
revision in fall 2018 to change their course approach from discipline-specific into an
integrated A&P I and A&P II course sequence. The assumption underlying this change
was the belief that providing students with the physiological context while learning
anatomy would allow for a deeper understanding of structure and function. This
curricular change presented an opportunity to explore gaps in the literature that
examine different elements of the integration process more deeply. Previous
perception studies have been done in these foundational courses, however, research
involving undergraduate perceptions of anatomy education from different pedagogical
methodologies is lacking. This study fills the gap in the literature by examining
student perceptions of anatomy surrounding a change in course approach from
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discipline-specific, human anatomy followed by human physiology, to an integrated,
A&P I and A&P II, course sequence. Research presented here, on how students
perceived anatomy through the change in course approach, is part of a larger study.
Research Objectives and Questions
Human anatomy and human physiology are perceived to be very daunting,
academically rigorous, content-heavy course sequences (Dobson and Linderholm,
2015; Bergman et al., 2013; McKee, 2002; Griffiths et al., 1995). This research
explored undergraduate students’ perceptions of anatomy and sought to determine if
there was a change in perception following integration with physiology. The
perceptions of students enrolled in discipline-specific human anatomy and human
physiology courses, as well as students enrolled after the curricular change in course
approach to an integrated A&P I and A&P II sequence, were examined. Additionally,
this research considered how undergraduate student perceptions of anatomy change
between the start and end of the semester. These objectives were guided by the
following research questions:
1. How do undergraduate college students enrolled in human anatomy, human
physiology, A&P I, and A&P II courses perceive anatomy through anatomy
word associations, most interesting, most confusing, and most difficult aspects
of anatomy education, as well as on their course evaluations?

a. To what extent do undergraduate students’ perceptions differ based on
course approach between a discipline-specific human anatomy course and
an integrated A&P I course?
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b. How do students’ perceptions of anatomy change following the
completion of either a discipline-specific human anatomy course or an
integrated A&P I course?

Methodology
Participants and Sampling
The study population consisted of a convenience sample of undergraduate
students in large-enrollment, introductory human anatomy, human physiology, human
A&P I, and human A&P II courses and their associated laboratories at a large
doctoral-granting institution in the northeastern US. Two course approaches were
examined: 1) a separate discipline-specific sequence consisting of introductory human
anatomy followed by introductory human physiology; and, 2) an integrated sequence
of A&P I followed by A&P II. The discipline-specific course approach covered all
major anatomical structures within each organ system in the first semester, followed
by a physiological examination of the organ systems in the second semester.
Integrated A&P I covered introductory terminology, cytology, histology, and the
anatomy and physiology of the following organ systems: integumentary, skeletal,
muscular, and nervous. A&P II covered the anatomy and physiology of sensory,
endocrine, lymphatic, immune, circulatory, respiratory, urinary, digestive, and
reproductive systems. The courses do not have any prerequisites, are required for all
health care majors (mainly nursing, kinesiology, and pharmacy), and were
administered to multiple sections, each containing 150+ student, via three hours of
interrupted (through the use of clicker questions) lectures per week with an associated
three-hour weekly laboratory.
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Institutional Review Board (IRB) approval was obtained for this study, (IRBNet
#1007697, HU1617-124), participation was voluntary, and students were not
incentivized. Participants were predominantly female (71.61%), White (73.69%),
college-aged (mean=19.14 years, SD=1.87 years), and not of low socioeconomic
status (SES) as determined by Pell Grant eligibility (not Pell eligible=76.37%). Grades
in the class ranged from A to F and were fairly evenly distributed (skew = -0.71,
kurtosis = 0.38) with most students receiving a B and within the range of A to C.
Demographic variables for consented students were comparable to the enrolled course
population.
Data Collection
Data collection for this mixed-methods exploratory study occurred from spring
2017 through spring 2020. To be included in the analyses, a student had to be over 18
years of age and consent to participate in this study each semester. From spring 2017
to fall 2018, 1,030 (73%) students who had enrolled in the discipline-specific course
sequence of introductory human anatomy followed by human physiology participated
in the study (cohort 1). A change in course approach occurred in fall 2018 to an
integrated A&P I and A&P II (cohort 2), and 1,429 (96%) A&P students consented to
participate through spring 2020. The use of an “opt-out” consent form began in spring
2018 and is attributed to the increase in consent rates seen in subsequent semesters.
This research used an open-ended survey, a word association activity, and course
evaluations to explore student perceptions at different time points as they progressed
through the courses. A “welcome to class” survey was administered before the start of
each course to gather perceptions on what students found interesting, confusing, and
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difficult about anatomy. Following Cassidy (2016), students were also asked to “List
10 words that you associate with anatomy”. Data were collected at the start of each
semester from both cohorts 1 and 2. To determine if perceptions changed based on
course approach, comparisons between cohort 1 and 2 responses were examined. To
determine if changes in perceptions occurred following the completion of human
anatomy or an A&P I course, responses from the second course in the sequence, either
human physiology or A&P II, were obtained.
To further assess student perceptions, course evaluations at the end of the
semester asked students to rate statements related to the course and learning
environment specific to two constructs-- “contribution to learning” and “course
content” (Appendix A). Participation was voluntary, anonymous, and in addition to
the institutional course evaluation. The survey generated 792 (32%) student responses
(352 human anatomy students and 440 A&P I students).
Data Analysis
Open-ended survey responses investigating what students found most interesting,
confusing, and difficult about anatomy were qualitative coded using thematic
descriptive coding (Braun and Clarke, 2006) and underwent a quantitative content
analysis (Bernard, 2012) to determine and quantify the frequency of emergent themes.
Generally, student responses consisted of a couple of sentences or a succinct phrase.
Working with an undergraduate research assistant, responses were read in their
entirety and an a posteriori codebook was developed reflecting emergent themes
(Basit, 2003). Student responses often contained more than one theme, such as
“muscles and bones” (A&P II). Multiple codes were assigned in the order they
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occurred (primary, secondary, tertiary), and total response rates were generated.
Responses were then separated by primary code per course and read again to ensure
consistency within each theme; a percentage of agreement or an interrater reliability
score of 93% was obtained. Any disagreements were debated until consensus was
reached. Cohort 1 provided 815 coded responses from 763 human anatomy students
and 1,009 coded responses from 960 human physiology students. Cohort 2 provided
1,172 coded responses from 1,121 A&P I students and 1,047 coded responses from
918 A&P II students.
Thematic analysis was applied to word lists generated by the word association
activity and coded for valence (positive, negative, neutral/ambiguous) of frequently
used words. Because some words associated with anatomy, such as “commitment”,
“hard”, and “challenging”, were impossible to accurately code without context, they
were coded as “neutral/ambiguous”.
Course evaluations at the end of the semester asked students to rate statements
related to the course and learning environment. Question items focused on instructor
quality were removed per the request of faculty members, leaving two constructs-- one
representing student’s personal “contributions to learning” and the other representing
perceptions of the “course content”. The “contributions to learning” question items
asked students to rate seven statements related to their participation, including the
“level of effort put into the course”, “skill/knowledge required to complete the
course”, and “attendance is required to be successful in this course”. Ratings were
scored from 1 (representing “poor”) to 5 (representing “excellent”). The “course
content” question items, designed to assess student perceptions of course content,
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asked students to rate eight statements for agreement on a Likert scale from 1
(representing “strongly disagree”) to 5 (representing “strongly agree”). Example items
include “learning objectives were clear”,” “the lab complemented my understanding of
the lectures”, and “I would prefer to learn anatomy and physiology at the same time”.
Among those who responded, there were no missing responses. Each item was
examined for univariate skewness and kurtosis and was demonstrated appropriate for
the analysis per recommendations by Harlow (2014: largest skew = -1.67; largest
kurtosis = 3.59).
Factor analysis was used on course evaluation responses to assess internal
structure and consistency. Because the sample size of the course evaluation data was
sufficiently large, question items were cross-validated using exploratory and
confirmatory methods. The data were randomly split, with 237 cases (30%) used for
exploratory analysis and 555 cases (70%) used for confirmatory analysis. Before
random selection, the data were stratified by course approach (discipline-specific
human anatomy versus integrated A&P) to ensure that both groups would be equally
and proportionally represented in the analysis.
For the exploratory factor analysis, all 15 variables were included in the analysis.
It was hypothesized that there would be two factors identifiable from the data,
corresponding to the “contributions to learning” and “course content” constructs. This
allowed for an evaluation of the internal structure of the course evaluation items and
for the identification of question items that should be removed from the analysis.
Additionally, internal consistency was estimated by McDonald’s coefficient omega
(1999). This represents the ratio of common factor variance to total variance within
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the construct (Furr, 2017). Within exploratory factor analysis, this can be estimated
with an oblique factor rotation and a Schmid Leiman transformation to account for
internal structure and correlation to a general factor (student academic achievement)
across all items.
Based on the results of the exploratory analysis, the confirmatory factor analysis
was performed using maximum likelihood model estimation. Clustered intercepts
were included by class section. Additionally, multiple sample analyses were
performed to compare the internal structure between the two course approaches. This
was done by estimating models for each course section separately, then systematically
increasing constraints requiring increasingly strict model similarities, and assessing
the impact on model fit. This allowed for a direct comparison of response structure
between course approaches, and the extent to which the two groups can be considered
similar. Coefficient omega internal consistency can be calculated as the ratio of factor
loading variance to the total variance, loading, and error (Furr, 2017).
Lastly, once the subsets of invariant question items that can be directly compared
between the two course approaches were established, the means between groups were
compared. This was accomplished using generalized linear mixed modeling. The fixed
effect of interest was the difference between course approaches. Additionally, random
intercepts were included by class section to adjust for the known structure of the data.
A brief a priori power analysis was performed, suggesting that the design was
powered to detect even a small effect (power = 0.80, alpha = 0.05, Cohen’s d = 0.20).
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Findings
Word Association
Results. Cohorts 1 and 2 responded with 25,309 words associated with
anatomy. Four themes were evident in the list of words: 1) “structure”; 2)
“vocabulary”, which was further sub-coded into “physiology term/concept” and
“clinical/career”; 3) “descriptive”, which was sub-coded as “descriptive ambiguous”,
“descriptive positive”, and “descriptive negative”; and, 4) “unknown/other”. A
summary of the coding frame and themes is provided in Table 1.
Cohort 1 used 6,687 words to describe anatomy at the start of their human
anatomy course, and 7,174 words at the start of human physiology. Human anatomy
students listed “vocabulary” words (n=2,892, 43.25%) most often, followed by
“structure” words (n=2,632, 39.36%) (Figure 1). “Structure” (n=3,102, 43.25%) and
“vocabulary” (n=2,802, 39.06%) words were also the most common terms associated
with anatomy by human physiology students (Figure 2).
Similar responses were obtained from cohort 2. A&P I students listed 6,669
words that they associated with anatomy, with “vocabulary” words (n=3,084, 45.56%)
being the most common followed by “structure” words (n=2,319, 34.26%) (Figure 3).
For students enrolled in A&P II, “structure” words (n=1,856, 39.66%) were the most
common with “vocabulary” words being second (n=1,807, 38.61%) (Figure 4).
Since the aim of the word associations was to ascertain student perceptions of
anatomy in different course approaches at different time points, descriptively coded
words --either positive, negative, or neutral-- were isolated to determine student
responses. Descriptive words can see seen in word clouds where the size of the word
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represents the frequency of response, from human anatomy (Figure 5), human
physiology (Figure 6), A&P I (Figure 7), and A&P II (Figure 8).
Cohort 1 students associated 535 (8%) descriptive words with anatomy at the start
and 695 (9.67%) at the end of human anatomy. Similarly, students in cohort 2 used
525 (7.76%) descriptive words at the start of A&P I and 513 (10.96%) at the end. A
change in the response rates for descriptive terms between the start and end of the
semester revealed a shift in anatomy perceptions following the completion of either
human anatomy or A&P I (Figure 9).

Student Perceptions of What They Found Interesting, Confusing, and Difficult
about Anatomy
Student Responses: “What do you find most interesting about anatomy?”
Through open-ended surveys at the start of each semester, both cohorts were asked,
“What do you find most interesting about anatomy?” Five themes emerged from the
data: 1) “physiology”, 2) “personal connection”, 3) “anatomical parts”, 4) “anatomical
systems”, and 5) “other”. The coding framework, including examples of student
responses, is provided in Table 2. Thematic code response rates for each cohort are
presented in Table 3. The “anatomical systems” theme was sub-coded to reveal what
specific systems students found interesting (Table 4). The sub-theme of “other
system” included specifically named systems (such as endocrine, digestive, or
reproductive), or general statements such as “I really enjoyed learning about the body
systems” (A&P I).
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Student Responses: “What do you find most confusing about anatomy?”.
Seven themes were coded from the response data to the question, “What do you find
most confusing about anatomy?” The themes were: 1) “anatomical systems”, 2)
“terminology”, 3) “amount of material”, 4) “memorization”, 5) “physiology”, 6)
“complexity and detail”, and 7) “other”. Descriptions of these themes, including
examples of student responses, are provided in Table 5, and Table 6 contains thematic
response rates from students before and after the completion of human anatomy and
A&P I. Again, the theme “anatomical systems” was sub-coded to highlight the
specific systems students found confusing (Table 7).
Student Responses: “What do you find most difficult about anatomy?”.
Regardless of course approach, students rated the difficulty of their course as high on a
scale of 1 (not at all difficult) to 5 (very difficult) (Figure 10) (human anatomy,
M=3.98, SD=0.64; human physiology, M=3.92, SD=0.70; A&P I, M=3.82, SD=0.69;
A&P II, M=3.89, SD=0.66). To determine what aspects students found difficult about
anatomy, a quantitative content analysis was conducted on the open-ended survey
question, “What do you find difficult about anatomy?” Seven themes emerged: 1)
“amount of material”, 2) “memorization”, 3) “time/time management”, 4)
“terminology”, 5) “the pace of course”, 6) “course components”, and 7) “other”. The
coding frame for what students in both cohorts found difficult about anatomy is
presented in Table 8. Response rates per thematic code before and after completing
human anatomy or an A&P I course are provided in Table 9.
A chi-square test of homogeneity was conducted between course approach
(human anatomy and A&P I) and theme. All expected cell counts were greater than 5.
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Chi-square analysis determined a statistically significant difference in proportions,
p=.02, between what human anatomy and A&P I students found difficult about
learning anatomy for the themes “amount of material” and “terminology” at the start
of the semester. Pairwise comparisons using the z-test of two proportions with a
Bonferroni correction were used to help figure out where those differences occurred.
The proportion of “amount of material” responses was significantly lower at the start
of the semester from human anatomy students than A&P I students. The proportion of
“terminology” responses was significantly higher at the start of the semester for
human anatomy students compared to A&P I students. The remaining themes were not
statistically significantly different between cohorts at the start of the semester. There
was a statistically significant difference in proportions between independent themes
(p=.001) following course completion of human anatomy and A&P I. The proportion
of “the pace of course” responses was significantly lower at the end of the semester for
human anatomy students than for A&P I students. However, the proportion of the
“memorization” theme was significantly higher at the end of the semester for human
anatomy students compared to A&P I students (p<.05). The remaining themes were
not statistically significantly different between the two course approaches (p>.05).
Course Evaluation Results
Factor analysis revealed two constructs, “contribution of learning” and “course
content”, in the course evaluation data. While only the first eigenvalue was greater
than 1, the scree plot demonstrated a two-factor structure, with 2 items before the
elbow (first eigenvalue = 4.37; second eigenvalue = 0.75; third eigenvalue = 0.38).
Two factors were extracted and an oblimin rotation was applied. Examining the
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loadings, the expected division between constructs was evident, with primary factor
loadings generally greater than 0.30, most above 0.60. Off factor loading was
generally small, less than |0.10|. There was one item that did not load onto either
factor, “being able to pay for course materials is stressful” (loading on both factors =
0.01). It was removed from the confirmatory factor analysis. Lastly, internal
consistency with the two-factor solution was estimated to be appropriate (omega =
0.71). This indicates that the two constructs largely represent two separate factors,
likely corresponding to personal “contributions to learning” and perceptions of the
“course content”. Additionally, they both corresponded reasonably to a hierarchal
general factor, likely representing student achievement in class.
Next, confirmatory factor analysis models were fit with two latent factors, for
“contributions to learning” and perceptions of “course content”. Error variances and
one item loading on each item were fixed to 1.0 to ensure appropriate model
estimation. Because the exploratory analysis found that the two constructs may be
reasonably combined into one scale, a covariance was estimated between latent
factors. Table 10 provides an overview of factor invariance. While assuming
invariance of loadings was not the best fit, it did provide sufficient model fit (X2 (164,
N = 555) = 339.08, p < .0001, CFI = 0.90, RMSEA = 0.073, 90 % CI [0.063, 0.083],
SRMR = 0.089). Coefficient omega for constructs was estimated to be appropriate
within both course approaches (discipline-specific: omega = 0.77; integrated: omega =
0.80). While it is a limitation to assume approximate equivalence of constructs, it
demonstrates that it is not an inappropriate assumption.
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The means of evaluation responses are plotted per course in Figure 11. To
compare cohort perceptions of anatomy, the first course in each sequence, human
anatomy and A&P I, were the focus. The mean difference in “contributions of
learning” was very small, only 0.02 on a five-point scale (Cohen’s d = 0.04). This was
not a significant difference (t (785) = -0.44, p = .6620). The difference in “course
content” was even smaller, with a difference of only 0.01 (Cohen’s d = 0.01). This
was also not a significant difference (t (785) = -0.16, p = .8726).
However, individual question items between cohorts determined a statistically
significant difference in perceptions of anatomy (Table 11). Human anatomy students
responded significantly more favorably for two question items, “the lab complemented
my understandings of lectures” (t(785)=4.96, p<.001, Cohen’s d =0.35), and “being
able to pay for the course materials is stressful” (t(785)=2.37, p=.018, d=0.18). A&P I
students had a significantly higher response rate for three question items, “the course
developed my ability to think critically about the subject” (t(785)=-2.16, p=.030,
d=0.13), “attendance is required to be successful in this course” (t(785)=-2.88, p=.004,
d=0.19), and “I would prefer to learn anatomy and physiology at the same time”
(t(785)=-5.18, p<.001, d=0.41).
Discussion
Word Associations
The goal of this study was to determine the undergraduate students’
perceptions of anatomy during a curricular revision from a discipline-specific to an
integrated A&P course approach. Undergraduate students’ perceptions related to
anatomy and physiology courses suggest changes occur between the first and second
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course in the sequence rather than based on course approach. Regardless of the course
approach, when undergraduate students were asked to list 10 words they associated
with anatomy, students enrolled in the first course of the sequence, either human
anatomy or A&P I, responded with explanatory “vocabulary” words, especially in the
sub-themes of “physiology” and “clinical/career”, followed by “structure” words. By
contrast, students in the second course, human physiology or A&P II, reversed the
order and associated “structure” words most often with anatomy, followed by
“vocabulary” words. Concerning the specific “structure” and “vocabulary” words
provided, again response rates differed based on course order, rather than course
approach. Similar word associations at the start indicated incoming students had
comparable perceptions regardless of the cohort. After a semester of human anatomy
or A&P I, student responses related to the structural explicit curriculum rose, perhaps
due to an increased proficiency with the content. Both cohorts experienced a change in
response rates for “descriptive” words with an increase in the use of both positive and
negative terms, such as “rewarding”, “overwhelming”, and “stressful”. The greatest
increase in negative words occurred following the completion of human anatomy. This
could indicate a more negative perception of anatomy following the completion of a
discipline-specific course, a result not seen in the integrated A&P course approach.
Findings from the word association activity suggest integrating physiology into
anatomy content reduced students’ negative perceptions of anatomy.
Open-ended Surveys
There were variations in the specific topics that students found interesting,
confusing, and difficult. This is not unique to anatomy and physiology. Cassidy (2016)
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asked first-year medical students what they found interesting about embryology and
discovered they were influenced by both the explicit and implicit curriculum. Explicit
curricular examples focused on clinical aspects and specific embryological
terminology and concepts, while the implicit curricular examples described students’
sense of wonder and admiration for the content. These results support the conclusions
of Cassidy (2016), as many students combined implicit and explicit curricular
examples, such as “The body itself. It’s amazing how many bones are in our body,
how the system work [sic] together and so on” (Human Anatomy), and:
I love seeing what we are truly made of and learning about tissues, bones,
muscles, etc. Understanding why and how my body can do such incredible
things has always fascinated me. The human body is so complex and learning
anatomy gives me a better understanding and appreciation for my own body
(Human Physiology).
In these examples, the implicit curriculum is evident in students’ amazement and
fascination with anatomy, whereas the explicit curriculum relates to specific content
(i.e. the tissues, bones, and muscles). Despite an emphasis on individual structures,
many responses highlighted a holistic and interconnected way of thinking about
anatomy, such as “Anatomy explains what every living being is made out of, which is
absolutely crazy and mind blowing!! It is the study of ourselves!” (A&P I). This is
implicit in anatomy education.
What Students Found Interesting
Part of this investigation examined response rates to see if perceptions of
anatomy changed following the completion of human anatomy or an A&P I course,
and how perceptions differed between course approaches. The biggest changes in
response rates to what students found interesting about anatomy after completing a
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human anatomy course were in the 1) “anatomical systems”, 2) “physiology”, and 3)
“personal connection” themes. The 15.01% reduction of “physiology” is likely due to
a lack of physiological concepts in the explicit anatomy curriculum. Furthermore,
many high schools teach an integrated A&P sequence; therefore, those students with
high school experience likely learned anatomy in the context of physiology. High
school experience might also explain why the “physiology” theme had a 46.98%
response rate for what students found interesting at the start of human anatomy. The
“personal connection” theme contained many examples of implicit curriculum and
decreased 4.63% after a human anatomy course. The theme “anatomical systems”,
however, which largely contained examples of the explicit curriculum, increased
21.22%. This change in response towards the explicit curriculum might be from
students gaining anatomical knowledge they found interesting from the course, rather
than a decrease in their interest in the implicit curriculum.
Cohort 2 also exhibited changes in thematic response rates following the
completion of A&P I. Student responses shifted away from an interest in “physiology”
towards “anatomical systems”, a theme which increased by 13.99%. Students who
emphasized “anatomical systems” may be indicating their interest in physiology;
however, their responses were not detailed enough to determine if this is an accurate
assumption. To inform educational practice, “anatomical systems” were sub-coded to
determine what specific systems students found interesting. While every system was
incorporated into the human anatomy curriculum, the integumentary system, muscular
system, skeletal system, and nervous system were the focus of A&P I. The top three
responses were the same for both cohorts at the start and end of human anatomy and
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A&P I—the muscular system, skeletal system, and nervous system. During the study,
kinesiology majors made up 22.8% of human anatomy students and 14.3% of A&P I
students. Perhaps the interest in muscles and bones relates to student major, especially
since these were also the main responses at the start of both cohorts. Unfortunately,
this data was not collected.
What Students Found Confusing
Students responded mostly with explicit curricular examples to what they
found confusing about anatomy, especially after course completion. The “anatomical
systems” theme increased by 27.97% after completing human anatomy and 15.06%
after completing A&P I. This change in response rate shows students were more
confused by the explicit curriculum after course completion. Since students were
subjected to and assessed on specific course content while in class, it makes sense that
afterward, they were better able to articulate explicit curricular examples that caused
confusion.
Again, to inform educators, “anatomical systems” were sub-coded to reveal what
specific systems students found confusing. Both cohorts found the muscular, skeletal,
and nervous systems the most confusing at the start and end of human anatomy and
A&P I. These also happen to be the systems students found most interesting. The
frequency in which students responded with confusion surrounding the nervous
system increased 7.17% at the end of human anatomy and 32.29% at the end of A&P
I. While both cohorts reported more confusion with the nervous system, the dramatic
increase following A&P I indicates cohort 2 found neuroanatomy more confusing with
the addition of neurophysiology. Yet cohort 2 students were less confused when
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learning muscles in the context of physiology, a difference in response rates of 7.39%
and 0.38% between the start and end human anatomy and A&P I respectively. This
finding supports the idea that students would benefit by providing physiological
context when learning the anatomy of muscles but not necessarily neuroanatomy.
Another theme that decreased after course completion was “terminology”, which
showed a 15.91% and 11.10% drop at the end of human anatomy and A&P I
respectively. Students in both cohorts anticipated “terminology” would be confusing,
yet the change in response rates indicated that students became more comfortable with
the language of anatomy after course completion. Overall, perceptions were similar
between cohorts except for the theme “physiology”. The inclusion of physiology is
part of the explicit curriculum of an integrated A&P course approach, therefore cohort
2 students were exposed to more physiological concepts, were assessed on this
information, and reported more confusion as a result.
What Students Found Difficult
This study concluded, regardless of course approach or whether students
responded before or after human anatomy or A&P I, the “amount of material” was
perceived to have the greatest impact on course difficulty. This finding supports
previous research that determined medical students perceived the amount of anatomy
they needed to learn to be daunting (Smith and Mathias, 2010; Mattick and Knight,
2007). The quantitative content analysis also revealed “pace” and “time management”
among the most frequent factors that make learning anatomy difficult. In agreement
with the research presented here, Sturges and Maurer (2013) found undergraduate
students reported A&P difficulties in three areas: 1) the discipline (subject and
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content), 2) the student (study habits, organization, and time management), and 3)
teaching factors (grading style and course resources). Their qualitative analysis also
concluded the “language of the class” led to A&P difficulty. Although the students
expressed difficulty learning the language of anatomy, “terminology” was identified as
a less important influence. Regardless of course approach, students often combined
“the amount of material” with the “pace” of the course in statements such as, “I think
that the speed of the course and the amount of information covered made it difficult”
(A&P II), and, “The large amount of material that is covered in a short amount of time
is the thing that makes this content the most difficult for me” (Human Anatomy).
Furthermore, the students reported factors influencing course difficulty, such as
“social distractions” and personal “procrastination”. These findings support Eagleton
(2015) who found social and personal distractions, as well as those surrounding
studying, student living conditions, and their financial concerns, were contributing
factors to the perceived course difficulty of A&P. However, this study revealed that,
with college experience, a student’s ability to overcome their perceived difficulties
was evident in statements like, “The amount of information was difficult, but once I
figured out a rhythm of what I needed to do it was not as hard” (A&P II).
Additionally, the top themes making anatomy difficult for students, “amount of
material”, “time/time management”, “memorization”, and the “pace” of the course are
noteworthy in light of the different curricular types. These themes highlight college
skills and can be thought of as part of the implicit curriculum of first-year students.
Some implicit college skills were evident in student responses, including the ability to
organize information, time management, effective study strategies, and persistence. As
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one student recognized: “If I fail to follow my study strategies or fail to show up to
class weekly then I will begin to find the content difficult” (A&P I). Lastly, it was
evident that students experienced a sense of accomplishment for having persevered
and been successful in an academically demanding course: “Anatomy was difficult,
but I did it!” (Human Physiology).
The perception that anatomy is a memorization-intensive course was equally
pervasive in both cohorts. This finding supports previous research that medical
students perceive learning anatomy requires memorizing a long list of structures
(Bandyopadhyay and Biswas, 2017; Bergman et al., 2013; Wilhelmsson et al., 2010).
However, the perception that anatomy is based on memorization is directly related to
course design, instruction, and assessment (Choudhury and Freemont, 2017; Miller et
al., 2002). Students are likely to view anatomy as memorization intensive when
assessed on large lists of structures and labeled diagrams. Mitchell and Batty (2009)
pointed out that students “must emerge with a core understanding of anatomy, but not
an encyclopedic knowledge of the human form” (p. 118), and a balance between
memorization, understanding, and visualization leads to a successful anatomy learner
(Pandey and Zimitat, 2007). Of note, this research on the perceptions of the difficulty
of anatomy revealed a 6.68% and 8.71% decrease for the theme of “memorization”
following the completion of human anatomy and A&P I respectively. Students likely
seek to understand anatomy content and simply see memorization as a path to that
outcome (Wilhelmsson et al., 2010). By the end of the semester, students recognized
that learning anatomy was more about understanding than rote memorization (Marton
et al., 2005). Consistent with these findings, the context of physiology further reduced
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the perception that learning anatomy consists of memorization (Bergman et al., 2013).
Yet memorization serves a purpose in learning anatomy. As Wilhelmsson et al. (2010)
pointed out, the medical student’s perception of the importance of incorporating the
context of physiology aided their ability to memorize massive amounts of anatomical
structures, as the function “frames the structure into a surrounding functional unit” (p.
159).
Course Evaluation
The course evaluation analysis provided slight evidence of differences in
student perceptions overall. While there were differences in responses to individual
question items, both course approaches responded similarly with minimal differences
between mean values on the primary factors, “contribution to learning” and “course
content”. The confirmatory factor analysis revealed a question item, “Being able to
pay for the course materials is stressful”, did not load on either factor; therefore, this
was independent of student perceptions of “contributions to learning” and “course
content” constructs. This also suggests course material affordability resonated with
some students and not with others. However, this question revealed a significant
difference between course approaches, with human anatomy students exhibiting more
stress paying for course materials. This is not surprising, as cohort 1 were required to
purchase course materials for each course separately, human anatomy and human
physiology. Cohort 2, on the other hand, had the financial advantage of using the same
course materials for both A&P I and A&P II. Human anatomy students also felt “the
lab complemented [their] understandings of lectures” more so than A&P students.
This is a novel finding as the research comparing course approaches at the
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undergraduate level between discipline-specific and integrated A&P is lacking.
However, course-specific research exists; Johnston and McAllister (2008) found 97%
of A&P students agreed to the statement “the laboratory helped them understand the
material presented in lectures”, whereas Montayre and Sparks (2017) concluded A&P
students found the lab important but an unnecessary component to pass the course.
The discipline-specific course approach contained the same content as the
integrated A&P sequence and content was delivered via interrupted lectures in both
approaches, yet an exciting finding between cohorts emerged. A&P students found the
course developed their ability to think critically about anatomy more so than students
enrolled in human anatomy. Previous research noted allied health majors are best
served through the development of critical thinking skills (Johnston and McAllister,
2008; Tanner, 2003), and contextual learning, such as introducing physiological
concepts when learning anatomy, connects content with purposeful learning (Anstey,
2017). Given perceptions of learning anatomy are largely driven by course
expectations (Anderton et al., 2016), the standalone human anatomy course had the
same expectations as integrated A&P, yet cohort 2 students perceived the addition of
physiology created a learning environment more conducive to critical thinking.
Bustami et al. (2018) found contextual learning increased critical thinking skills in
biology undergraduates. Additionally, A&P students felt more strongly that
“attendance was a requirement for course success”. This could contribute to the
common perception that anatomy is a memorization course (lacking critical thinking)
and therefore does not require class attendance to be successful. Although these

215

question items revealed a significant difference between course approaches, the effect
size was small.
As part of a larger study on the effects integrating physiology has on anatomy
education, this research sought to determine student perceptions of anatomy from
different course approaches. These perceptions can be utilized to form
recommendations for future course design improvements that minimize negative
perceptions and increase learner satisfaction (Ferreira and Santosos, 2008). Learner
satisfaction can be obtained when students perceive the course as interesting and
relevant (Eagleton, 2015), resulting in more motivated students (Kember et al., 2000)
with increased attention (Cassidy, 2016), who perform better academically (Ferreira
and Santosos, 2008). The combination of the implicit and explicit curriculum can be
leveraged to sustain a student’s initial excitement and motivation for the subject. In
this study, students found the explicit anatomy curriculum relatable because they like
to learn “about the parts of the body in order to relate it to [their] daily life” (A&P II).
Research on perceptions in A&P showed students who found the content relevant
perceived it as important (Johnston and McAllister, 2008) and were willing to put the
work in to be successful. Instructors can sustain and expand student interest in the
importance of anatomy by weaving into the course the appreciation, delight, and
wonder for the amazing capabilities of the human body (the implicit curriculum). By
knowing which explicit curricular topics students find confusing, supplemental
instruction and additional resources could also be incorporated into the course.
Moreover, by understanding the difficulties perceived by students, practitioners can
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implement evidence-based curricular changes (Tufts and Higgins-Opitz, 2009; Mattick
and Knight, 2007).
Limitations
Although the data presented here support previous perception research, these
findings should be interpreted within the context of several limitations. First,
participants in this study were a convenience sample of classroom students from one
institution, creating a selection bias, and reducing generalizability due to the
homogeneity of the study population. The fact that most of the students were White
females speaks to persistent underrepresentation of other groups, and perhaps to
gendered career choices, such as nursing. Second, this study used self-report data from
students’ responses to a survey tool, which could create a response bias. Third,
because participation in the study was voluntary, data analysis was limited to those
students who chose to respond, creating a sampling bias and any missing data would
induce a response bias. Fourth, this study involved classes taught by three different
professors, one of which was replaced in fall 2017, altering instructor consistency.
Course professors met bi-monthly to plan and align course content in an attempt to
minimize confounding variables; however, teacher effect should be acknowledged as a
limitation to this study. Fifth, this study was designed and conducted by one of the
human anatomy/A&P I instructors, which could contribute to personal bias. Careful
consideration was given to any ethical dilemmas or perceived participation coercion
that may arise (IRB consent was obtained through a third party, student responses
were sealed until after final grades were reported, and research assistants were utilized
for interrater reliability). Also, perception research carries the limitation of personal
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bias from students as their career aspirations can influence what they perceive to be
interesting (Chapman et al., 2013), and/or what challenges they are willing to work to
overcome. Lastly, research was conducted in large lecture classes. It is unknown what
role situational factors, such as the size of the class, the time of day it is offered, or the
utilization of a more active learning model, would alter student perceptions.
Unfortunately, the qualitative data obtained through word associations and openended questions for what students found interesting, confusing, and difficult about
anatomy did not provide clear evidence of a perceptional difference between course
approaches as excepted. The word association question might yield results that are
more definitive if students were asked to rank positive and negative descriptive words
to determine their perceptions. Also incorporating focus groups in a future study
would capture more in-depth student perceptions by providing the opportunity for
elaboration and allow researchers to ask clarifying follow-up questions. For example,
it was unclear for the “muscles” response if students were confused by muscle
physiology, the microanatomy of muscles, or from muscle identifications, their
origins, insertions, or actions. Data could also be correlated to a student’s major to
determine if perceptions differ based on career aspirations. Additionally, future studies
should include questions to investigate student perceptions of the null curriculum.
Conclusion
Students begin the semester with perceptions about a variety of course aspects,
including the subject material, workload, instructor approachability, teaching style,
method of instruction, class size, assessments, and/or grading criteria, which can
impact student learning (Harnish and Bridges, 2011). By keeping these aspects as
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consistent as possible, this study aimed to gather student perceptions of anatomy
through word associations, open-ended surveys, and course evaluation data between
different course approaches, separate discipline-specific human anatomy and human
physiology, and an integrated A&P I and A&P II. Quantitative content analysis
findings showed initial interest related to the implicit curriculum, such as student’s
“personal connection” to anatomy. However, these examples decreased following
course completion, more drastically in cohort 1 than cohort 2. In addition, at the start
of each course sequence, both cohorts found the most interesting aspect of anatomy to
be the theme of “physiology”, with the physiology of the muscular system most
frequently mentioned. Most students found “anatomical systems”,-- specifically
“muscles”, “nerves”, and “bones”,-- the most confusing, with the “the amount of
material” and the “pace” of the course causing the most difficulty.
Both cohorts increased their explicit curricular responses to what they found
interesting, confusing, and difficult about anatomy following the completion of human
anatomy and A&P I. Additionally, at the end of human anatomy and A&P I, cohort 1
felt the course focused more on memorization but the pace was appropriate, compared
to cohort 2 which felt the pace was too fast but the perceived memorization
requirements were manageable. Overall, undergraduate students’ perceptions changed
more between the first and second course in the sequence rather than between course
approaches. Both cohorts reported similar interests, confusions, and difficulties related
to anatomy education, indicating physiology integration did not affect student
perceptions of anatomy when measured through open-ended surveys for what students
found interesting, confusing, and difficult about anatomy. However, the word
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association activity suggested the integration of physiology reduced negative
perceptions of anatomy.
Course evaluations used to measure student perceptions related to “contribution
to learning” and “course content” did not reveal a significant difference between
cohorts, however, some individual question items exhibited significance. Human
anatomy students felt “the lab complemented [their] understandings of lectures” and
felt “Being able to pay for the course materials is stressful” more strongly than A&P I
students. Whereas A&P I students felt more strongly that “the course developed [their]
ability to think critically about the subject”, “attendance was a requirement for course
success”, and “I would prefer to learn anatomy and physiology at the same time”.
Research presented here provides students’ perceptions from two course approach
options for introductory anatomy and physiology with slightly different perceptional
outcomes. If a program is interested in developing habits of mind (Costa and Kallick,
2000) early in students through implicit curriculum, then student perceptions of the
integrated A&P course sequence support this outcome due to the increased views on
critical thinking with less memorization, along with the wonderment of the human
body. However, if programs are more interested in discipline-focused instruction of
anatomy for future career programs, then physiological integration will not drastically
change student perceptions.
Understanding student perceptions can be used to improve course instruction and
create more effective and engaging learning experiences. Results suggest an expansion
of the implicit curriculum related to the amazement and wonder of the human body
would aid in these efforts and help create a learning environment that will maximize
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the efficiency in which students learn anatomy and physiology. In keeping with Ravert
and Evans (2007), this study does not imply the goal of quality course design is to
“simply satisfy student preferences” (p. 325). Rather, it suggests that the curriculum
could be tailored toward students’ interests to increase attention and engagement.
Additionally, deliberately focused instruction can be incorporated into the areas
students found confusing and difficult. Since anatomy and physiology are foundational
courses for allied health majors, it is important to acknowledge the affective domain of
learning (Hartley et al., 2018) and understand student interests, confusions, and
difficulties surrounding anatomy education.
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Tables
Table 1
Thematic coding frame for words associated with anatomy with textual examples.
Theme
Explanation of Use and sample responses
Structure
Pertains to any specific anatomical structure.
“sternum”, “cerebrum”, “liver”
Vocabulary:
Vocabulary theme applied to explanatory words.
“abduction”, “insertion”, “posterior”.
Physiology Vocabulary words related to function.
term/concept “contraction”, “excretion”, “homeostasis”
Clinical/career Vocabulary words associated with the health care field.
“medicine”, “nursing”, “helping”
Descriptive:
Descriptive Words that could not be determined to be positive or
ambiguous negative without context.
“complicated”, “detailed”, “effort”
Descriptive negative Words that had negative connotations.
“stressful”, “tedious”, “painful”.
Descriptive positive Words that had positive connotations.
“fun”, “happiness”, “motivating”
Unknown/other
Words that did not fit into any of the other themes, such as
“library”, “analysis” and “blueprint” as well as words
related to the course such as “exams”, “grade”, or “lab”.
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Table 2
Thematic codes, their description, and examples for what students found interesting
about anatomy.
Code
Description
Example
Physiology
Responses that
“Understanding how each
highlighted physiological system works to maintain
concepts or functions as
homeostasis in the body”
an interesting aspect of
anatomy.
“Learning about the functions
of the body”

Personal
Connection

Responses that related
subject matter to
understanding self/others.

“The way the body works
together and how everything
works as a unit”
“That this branch of science
isn’t just some facts. Anatomy
is everyone. Everything that we
learn in anatomy can be found
in everyone”
“That you can relate this topic
to yourself”

Anatomical parts

Anatomical systems

Other

Responses included
general anatomical
phases about the
structures or parts of the
body.

Referenced specific
anatomical systems or
general statements about
the systems of the body.

“It is interesting to find out how
your own body works. You’re
able to see what’s actually
going on inside of you!”
“I loved learning about the parts
of the body”
“the structures of the body”
“discovering the lesser known
parts of the body”
“I found the nervous system the
most interesting”
“learning about all the different
bones and bone markings of the
human body”

“the body and all its systems”
Included answers that did “dissections”
not fit the other
categories, aspects related “my professor”
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to the course, and general
statements that
“Being able to recognize terms
everything or nothing was on medical shows”
interesting.
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Table 3
Thematic code response rates (%) for both cohorts to what they found most interesting
about anatomy at the start (n=763) and end (n=960) of human anatomy or the start
(n=1,121) and end (n=918) of an A&P I course.
Human Anatomy
Integrated A&P I
Code Description
Physiology
Personal connection
Anatomical parts
Anatomical systems
Other

Start

End

Start

End

46.98%
16.25%
12.06%
16.73%
7.98%

31.98%
11.61%
13.17%
37.95%
5.29%

49.15%
11.00%
16.44%
15.24%
8.16%

37.24%
10.39%
14.32%
29.23%
8.83%
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Table 4
The “anatomical systems” sub-theme response rates (%) for both cohorts to what
specific systems they found most interesting about anatomy at the start (n=172) and
end (n=438) of human anatomy or the start (n=252) and end (n=394) of an A&P I
course. (n refers to the number of times the “anatomical system” theme was coded).
Human Anatomy
Integrated A&P I
Anatomical Systems
The muscular system
The skeletal system
The nervous system
The cardiovascular system
Other systems

Start

End

Start

End

33.72%
31.98%
13.37%
8.14%
12.79%

26.26%
25.34%
19.63%
13.70%
15.07%

24.60%
26.98%
21.03%
7.94%
19.44%

41.12%
28.43%
18.02%
1.78%
10.66%
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Table 5
Thematic codes, their description, and examples for what students found confusing
about anatomy.
Code
Description
Example
Anatomical systems
Referenced specific
“I had a hard time with the
anatomical systems
origins and insertions of
or general statements muscles”
about the systems of
the body.
“There are hundreds of
bones to remember”

Terminology

Amount of material

Memorization

Applied to answers
that discussed the
vocabulary and/or
language associated
with anatomy.

“the brain is mad hard”
“Terminology because there
is lots of vocabulary
associated with anatomy”
“The intricate names for
body parts”

“A lot of the names for
completely different body
parts are very similar and
can sometimes get
confusing”
Responses referenced “how much of it there is”
the amount of
information
“The most confusing thing
presented in the
about anatomy is the
course.
amount of information you
have to remember”

Responses related to
the act of
memorizing content.

“It is a lot of material to
learn in a short span of
time”
“I think the most confusing
part about anatomy will be
that there are a lot of things
to memorize”
“memorizing everything”
“Sometimes the
memorization of the
anatomy can be confusing. I
like to truly learn and
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understand rather than
memorize, which is hard to
do with anatomy.”
Physiology

Complexity and detail

Other

Responses that
highlighted
physiological
concepts, processes,
or functions.

Responses related to
the complexity of the
human body or its
specific details.

Included answers
that did not fit the
other categories,
aspects related to the
course, or generic
answers.
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“the specific processes”
“different processes that
happen in the body and
understanding all the
concepts within those
processes”
“If I had to say anything, it
would be keeping track of
different processes and
pathways.”
“how complex the body is”
“anatomy is so intricate”
“how detailed the material
is”
“the body”
“the anatomy”
“finding the proper way to
study”

Table 6
Thematically coded student response rates (%) at the start (n = 763) and end (n=960)
of human anatomy and the start (n=1,121) and end (n=918) of A&P I, to the question,
“What do you find most confusing about anatomy?”
Human Anatomy
Integrated A&P
Code Description
Anatomical Systems
Terminology
Amount of material
Memorization
Physiology
Complexity and details
Other

Start
27.27%
26.92%
10.26%
10.84%
7.34%
5.01%
12.35%
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End
55.24%
11.01%
8.44%
7.19%
5.95%
3.20%
9.97%

Start
23.90%
23.57%
11.82%
10.33%
10.13%
6.75%
13.50%

End
38.96%
12.47%
12.29%
7.01%
14.20%
5.97%
9.09%

Table 7
The “anatomical systems” sub-theme response rates (%) for both cohorts to what
specific systems they found most confusing about anatomy at the start (n=234) and
end (n=622) of human anatomy or the start (n=354) and end (n=450) of an A&P I
course. (n refers to the number of times the “anatomical system” theme was coded).
Human Anatomy
Integrated A&P I
Anatomical Systems
The muscular system
The skeletal system
The nervous system
The cardiovascular system
Cells and tissues

Start

End

Start

End

32.48%
25.64%
23.50%
9.83%
8.55%

39.87%
11.58%
40.68%
6.43%
1.45%

27.40%
25.42%
19.49%
8.76%
18.93%

27.78%
13.56%
51.78%
0.44%
6.44%
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Table 8
Thematic codes, their description, and examples for what students enrolled in
discipline-specific and integrated human anatomy and physiology classes found
difficult about anatomy.
Code
Description
Example
Amount of material
Responses referenced the
“the copious amount of
amount of information
information”
presented in the course.
“the sheer amount of
content”

Memorization

Responses related to the
act of memorizing content.

“An overwhelming
amount of work”
“Although I tried my best
to avoid it, times came
where I had to memorize
things. I struggle with
memory a lot of times so
this made learning the
content difficult at times”
“memorizing everything
that needs to be
memorized”

Time/Time management

Terminology

Any answers related to
time or the student’s
ability to manage their
time with outside
commitments.

Applied to answers that
discussed the vocabulary
and/or language associated
with anatomy.
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“I had a hard time
memorizing everything”
“this is a time consuming
course and I need to find
the time to put into it”
“Balancing organic
chemistry, other classes,
and a job in my schedule
while making sure I am
prepared”
“me procrastinating”
“The long words and
extensive vocabulary”
“Most of the parts we had
to learn were practically
in a different language,

making pronouncing and
spelling very difficult”
“Just some of the
vocabulary for the
processes would get me
tricked up because if you
could not figure out what
the term meant then there
was no way to answer the
questions”

The pace of the course

Responses related to how
quickly content was
covered in the course.

“the vocab since English
is my second language”
“keeping up with the pace
of the lectures”
“I anticipate a fast-paced
class will make learning
this content difficult for
me”

Course components

Other

Responses involving the
learning environment,
course design, the
professor, or other courserelated obstacles.

Included answers that did
not fit the other categories,
such as generic answers,
physiology, personal
reasons, study approaches,
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“I think the fast pace. I’m
still learning how to keep
up to pace with the
lectures and actually
understanding the concept
and getting it before we
move onto the next unit”
“The teaching methods of
the professor”
“I took the course at 8 am
and I could not get out of
bed for the life of me”
“Lab wasn’t always lined
up [with lecture], which
was incredibly
frustrating”
“It was not difficult, I
thoroughly enjoyed the
class”
“My disinterest in the
subject”

and nothing/everything
being difficult.

“if I don’t participate”
“Pathways”
“my attitude”
“I have the attention span
of a squirrel”
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Table 9
Thematic codes for student responses to the question “What do you find most difficult
about anatomy?” listed response rate (%) at the start (n=763) and end (960) of
human anatomy and the start (n=1,121) and end (n=918) of A&P I.
Human Anatomy
Integrated A&P I
Code Description
Start
End
Start
End
Amount of material
25.43%
39.70%
29.88%*
37.58%
Memorization
17.51%
10.84%
16.41%
7.71%*
Time/Time management
16.72%
11.25%
14.70%
12.21%
Terminology
15.37%
5.13%
10.78%*
4.59%
Other
13.11%
13.32%
13.74%
13.68%
Pace
8.59%
15.88%
10.65%
19.91%*
Learning environment
3.28%
3.89%
3.85%
4.33%
*significant difference (p<.05) between difficult themes for students in human
anatomy and A&P I at the start or end of the semester
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Table 10
Factor invariance test results
X2

Model

DF

CFI

RMSEA

90% CI LL

Configural 291.99

152

0.92

0.068

0.058

0.079

0.064

Loadings* 339.08

64

0.90

0.073

0.063

0.083

0.089

Intercepts

399.98

176

0.87

0.08

0.071

0.09

0.094

Residuals

483.30

182

0.83

0.088

0.079

0.098

0.102

Means

481.84

192

0.84

0.087

0.078

0.097

0.102

*Preferred model
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90% CI UL SRMR

Table 11
End of semester course evaluation statements and the corresponding percentage of
responses for human anatomy and A&P I.
Item
Statement
Percentage of responses in a scale of
agreement, Human Anatomy, A&P I
Excellent Very Satisfactory Fair Poor
%
Good
%
%
%
%
Contribution Level of effort
46.72,
39.03,
10.54,
3.13, 0.57,
to learning
you put into
40.91
41.36
15.45
2.27 0.00
the course
Level of skill
5.70,
11.11,
33.05,
28.4 21.65
and knowledge
3.86
12.27
34.55
9,
,
at the start of
28.6 20.68
the course
4
Level of skill
39.03,
48.43,
10.83,
1.42, 0.28,
and knowledge
40.45
45.68
12.27
1.59 0.00
at the end of
the course
Level of skill
35.61,
48.72,
14.53,
1.14, 0.00,
and knowledge
36.14
47.50
12.95
2.95 0.45
required to
complete the
course
In this course, I
65.24,
25.07,
8.83,
0.85, 0.00,
learned a great
65.91
25.68
6.59
1.14 0.68
deal
The course
46.44,
35.90,
15.10,
2.28, 0.28,
developed my
56.59
27.73
11.82
3.41 0.45
ability to think
critically about
the subject*
Attendance is
58.12,
24.22,
13.39,
2.85, 1.42,
required to be
66.14
22.73
7.95
2.73 0.68
successful in
this course*
Strongly Agree Neutral Disagree Strongly
Agree
Disagree
Course
Learning
58.12,
33.90,
5.98,
1.14,
0.85,
Content
objectives
58.41
36.14
4.32
0.68
0.45
were clear
Course content
59.26,
32.76,
6.55,
1.14,
0.28,
was organized
60.91
31.36
6.14
0.68
0.91
and well
planned
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Course
workload was
appropriate
Course
organized to
allow all
students to
participate
fully
The lab
complemented
my
understanding
of the lectures*
Course
materials were
affordable
Being able to
pay for the
course
materials is
stressful*
I would prefer
to learn
anatomy and
physiology at
the same
time.*

The pace at
which material
was covered
was ____

42.74,
38.64

37.61,
38.41

13.96,
13.18

5.41,
6.82

0.28,
2.95

50.43,
52.05

35.90,
32.50

10.83,
12.05

1.99,
2.73

0.85,
0.68

56.13,
41.14

31.91,
35.45

7.98,
15.00

3.13,
6.14

0.85,
2.27

19.66,
16.82

31.05,
27.50

25.36,
30.00

14.25,
18.64

9.69,
7.05

35.90,
29.32

32.19,
31.14

20.80,
23.18

8.26,
13.18

2.85,
3.18

30.77,
50.45

19.09,
21.36

22.51,
8.41

13.11,
11.14

14.53,
8.64

Slightly
Slow
0.00,
0.00

Too
Slow
0.00,
0.00

Too Fast Slightly
Fast
14.53,
62.96,
17.81
68.26

*p<0.05
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About
Right
22.51,
13.93

Figures
Figure 1
Word cloud from human anatomy students illustrating the most frequently used words
to answer “List 10 words that you associate with anatomy”.

Figure 2
Word cloud from human physiology students illustrating the most frequently used
words to answer “List 10 words that you associate with anatomy”.
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Figure 3
Word cloud from A&P I students illustrating the most frequently used words to answer
“List 10 words that you associate with anatomy.”

Figure 4
Word cloud from A&P II students illustrating the most frequently used words to
answer “List 10 words that you associate with anatomy.”
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Figure 5
Word cloud from human anatomy students illustrating the most frequently used
“descriptive” words to answer “List 10 words that you associate with anatomy.”

Figure 6
Word cloud from human physiology students illustrating the most frequently used
“descriptive” words to answer “List 10 words that you associate with anatomy.”
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Figure 7
Word cloud from A&P I students illustrating the most frequently used “descriptive”
words to answer “List 10 words that you associate with anatomy.”

Figure 8
Word cloud from A&P II students illustrating the most frequently used “descriptive”
words to answer “List 10 words that you associate with anatomy.”
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Figure 9
Undergraduate anatomy word association “descriptive” code frequencies for positive,
negative, and neutral terms, between different course approaches, discipline-specific
(human anatomy, human physiology), and integrated (A&P I, A&P II).
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Descriptive ambiguous

Figure 10
Student difficulty rating (1, not at all difficult to 5, very difficult) at the start of the
semester for human anatomy (n=763), human physiology (n=960), A&P I (n=1,121),
and A&P II (n=918).
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Response Rate
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Difficulty Rating
Human Anatomy

Human Physiology
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A&P I

A&P II

Figure 11
Estimated means and 95 percent confidence intervals for two course evaluation
subscales, “contribution of learning” and “course content” per course approach,
separate discipline-specific human anatomy and human physiology, and integrated
A&P I and A&P II.
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Appendices
Appendix A: Course Evaluation question items. “Contribution to learning” prompts
were rated from 1 (representing “poor”) to 5 (representing “excellent”). The “course
content” question items asked students to rate eight statements for agreement on a
Likert scale from 1 (representing “strongly disagree”) to 5 (representing “strongly
agree”).
Subscale
Question prompt
Contribution to learning Level of effort you put into the course
Contribution to learning Level of skill/knowledge at start of course
Contribution to learning Level of skill/knowledge at end of course
Contribution to learning Level of skill/knowledge required to complete the
course
Contribution to learning In this course, I learned a great deal
Contribution to learning The course developed my ability to think critically
about the subject
Contribution to learning Attendance is required to be successful in this course
Course content
Learning objectives were clear
Course content
Course content was organized and well planned
Course content
Course workload was appropriate
Course content
Course organized to allow all students to participate
fully
Course content
The lab complemented my understanding of the
lectures
Course content
Course materials were affordable
Course content
Being able to pay for the course materials is stressful
Course content
I would prefer to learn anatomy and physiology at the
same time.

250

APPENDICES
Appendix A: Curriculum Development
In 2016, a public university in the northeast US established an Anatomy and
Physiology Exploration/Transition Committee with two primary objectives in mind.
First, the committee sought to determine whether it was feasible, practical, and/or
beneficial to combine the separate discipline-specific human anatomy and human
physiology courses into an integrated human anatomy and physiology (A&P) I and II
course sequence. This would require a 4 credit Introduction to Human Anatomy (A)
course to be combined with a 3 credit Introduction to Human Physiology lecture (P)
and 1 credit Human Physiology Laboratory, creating an integrated A&P I and II
course approach, each a 3 credit lecture and a 1 credit laboratory. Second, the
committee was tasked with developing a strategy to create and implement the
necessary curricular changes. Committee members consisted of teaching faculty (one
human anatomy, one human physiology, and one who taught both courses separately),
the lab manager, and an ad-hoc tenured faculty member.
The first step in this process was to gather data nationally to determine how
introductory anatomy and physiology were taught at other institutions, as well as to
assess instructor preference through a simple survey deployed on the Human Anatomy
and Physiology Society (HAPS) list-serve. The survey asked the following questions:


Location of school regionally (northeast, southwest, etc.)



School classification (2-year, 4-year, research university, medical school,
master’s college)



Course level (100, 200, other)
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Delivery style (discipline-specific courses, A&P I followed by A&P II, onesemester A&P, other)



Pros and cons of the course approach their school utilized (short answer)



Lab vs. lecture integration (lab and lecture together vs. lab standalone from
lecture)



How course grade was determined (short answer)

There were 56 respondents, with 16% from research institutions similar to the one in
this study. Of those, 33% taught an integrated year-long A&P sequence, 56% taught
discipline-specific courses, and 11% offered the courses in both approaches. Of the 4year college respondents, 72% utilized an integrated course approach. Community
colleges similarly reported utilizing an integrated A&P course approach (71%).
Based on the data collected from HAPS, an integrated course approach, A&P I
followed by A&P II, is favored at a lower 100- or, more commonly, 200-level. With
some inclusion of advanced discipline-specific courses at the upper 300+-level. This
data supports Brashinger’s (2017) national survey that shows 74% (n=349) of
institutions offer introductory undergraduate anatomy and physiology course
sequences as a 2-semester integrated A&P.
Enrollment data, obtained from the institution’s Registrar’s Office from fall 2013
until fall 2016, revealed the top three majors enrolled in the human anatomy and
human physiology sequence to be nursing (24%), kinesiology (22%), and
pharmaceutical science/Pharm D (Doctor of Pharmacy program) (15%). Department
chairs and/or deans from the majors served by introductory anatomy and physiology
were brought together to ascertain their concerns, to discuss the arguments and
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counterarguments of proceeding with the curricular revisions (Table 1), and to
document their requirements and suggestions for the A&P curriculum. Addressing
additional concerns, the following specifics were agreed upon:


Human Anatomy (4 credits) would be combined with Human Physiology (3
credit lecture and 1 credit lab) resulting in two 200 level lecture and lab
courses, Human A&P I (3 credit lecture and 1 credit lab) and Human A&P II
(3 credit lecture and 1 credit lab);



Human A&P I and II courses would be offered in both fall, spring, and
summer sessions; and



Integrating the courses would not result in a loss of content presently covered.

Following departmental support from the numerous majors directly affected by
these service courses, the administration decided to convert its separate disciplinespecific course offerings into an integrated A&P sequence starting in the fall semester
of 2018. The Office of Advancement of Teaching and Learning provided support by
establishing roles and expectations for each committee member, helped create a
timeline, aided in the paperwork involved in proposing the new courses, and supported
subsequent course development.
Once logistical issues with the lab were resolved, A&P course development
began utilizing Fink’s (2003) “backward design” methods. First, situational factors
were identified and overall course goals and chapter-level learning outcomes were
established (Appendix B). Then the committee worked “backward” to create lessons
and lectures to achieve the learning outcomes, relying heavily on publisher resources.
Course instructors then collaborated on summative assessments, specifically exam
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questions where lab exercises reinforced lecture concepts to create a model for
generating test banks. An assessment grid was generated to plan and align learning
outcomes with summative and formative assessments reinforced by learning activities
(Table 2), usually “think, pair, share”, and formative assessments consisting of chapter
homework and in-class clicker questions. Afterward, textbook PowerPoint lectures
were customized to reflect the learning goals of the course, clicker questions, and
“think, pair, share” activities were incorporated. Course materials were checked to
ensure all content from the discipline-specific courses was included. Lastly, in keeping
with a backward design approach, instructors created individual syllabi containing
common elements to minimize disruption between multi-section courses. The
laboratory manager worked, in combination with lecture instructors, to integrate the
discipline-specific labs and assessments, finalize a lab schedule, and develop syllabi.
Labs from the human anatomy course were combined with those from human
physiology to ensure identical core anatomical laboratory exercises were consistent
pre- and post-course integration. Additional anatomical content, such as an expansion
of histology, were included post-integration.
Efforts were made to maintain consistency and minimize confounding variables
through the curricular revision to allow for an accurate comparison between course
approaches. Core anatomical course content, resources, and content delivery1 were
similar between the discipline-specific and integrated A&P course approaches. The
newly adopted A&P textbook, “Fundamentals of Human Anatomy & Physiology”, is
by the same lead author as the textbook used in the standalone human anatomy course.

1

A change in course instructors occurred in fall 2017.
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By merging the content in human anatomy and human physiology into an integrated
A&P I & II, content consistency was maintained pre and post-integration. Therefore,
the students’ cognitive load, the amount of content in working memory (Sweller,
1988; Young et al., 2014) is comparable between course approaches (Hartley et al.,
2018).
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Tables
Table 1. Pro and con list generated by stakeholders surrounding possible curricular
revisions (I do not agree with some of these arguments and counterarguments).
Pros and cons for keeping separate discipline-specific courses.
PROS
CONS
Emphasis on each subject
Difficulty with the transferability of
credits.
Subject-specific textbook
Disconnect between form and function:
Anatomy is a descriptive science,
concentrating on the structures of the
human body, this requires a vast amount
of memorization by the students. This
memorization is done without the
benefit of relating the various structures
to their functions, which leads to
decreased retention of the material.
Increases student flexibility in course
Physiology lectures require an
selection. Students can take only human anatomical review. Time that could be
anatomy instead of a full year of A&P.
spent covering new material is spent
reviewing content that was covered, but
not retained, in anatomy.
We teach a functional anatomy course
and physiology must review anatomy
when introducing concepts. Repetition
and spaced practice of material leads to
content retention.
Faculty are content experts and are not
trained in both disciplines.
Allows students who are concurrently
taking chemistry and anatomy to gain a
semesters worth of chemistry
knowledge before taking physiology.
Students master the study skills they
need for physiology. They learn the
language first. Their learning is
scaffolded.
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Cost- It is more expensive for the
student because they are required to buy
two textbooks a year rather than just
one.
There are more course materials
available for A&P I and II than for
Anatomy and Physiology separately.

Table 1 continued.
Pros and cons for integrating courses into an A&P I and II sequence
PROS
CONS
An integrated approach to the course
The potential loss of content
content. – “It just makes sense to teach (specifically anatomy).
structure and function together”.
Potential increase in anatomical content Both subjects may not be required for
retention.
all students.
Potential increase in the material
covered because the anatomical review
will not be necessary, as the anatomy
portion of a particular system will just
have been covered.
Instructors may have the same students
for both semesters. The increased
continuity may benefit the students.
Reduced course material cost to
students.
Increased critical thinking.
A student would be required to take the
lectures and labs concurrently, which
may increase understanding and
retention of the material by having the
chance to apply the knowledge gained in
the lectures.
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Concern about instructor expertise

Not enough time to delve deeper into
specific anatomical or physiological
concepts.

Table 2. Alignment grid example for a student learning outcome in the nervous
system unit in A&P I.
Learning
Summative Assessment
Formative
Learning
Outcome
Assessment
Activity
(In-class clicker
questions)
Explain how the Which of the following
A stimulus that
In-class
resting
is not true regarding the changes a
Group
membrane
establishment of a
postsynaptic
Activity:
potential is
neuron’s resting
neuron’s membrane Going Under
established and potential?
from resting
the Knife: A
maintained and A) Chemical and
potential to -85 mV Case Study on
how the
electrical forces both
is a(n) ________
Membrane
membrane
favor sodium ions
stimulus.
Structure and
potential can
entering the cell.
A) excitatory
Function.
change.
B) Electrical forces
B) depolarizing
C) temporal
push sodium ions into
D) saltatory
the cell.
C) The chemical
E) inhibitory
gradient for potassium
ions tends to drive them Bloom’s
out of the cell.
Taxonomy:
D) Ion pumps in the
Comprehension
plasma membrane eject
sodium ions as fast as
they cross the
membrane.
E) Resting membrane
permeability to Na+ is
very low.
Bloom’s Taxonomy:
Comprehension
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Appendix B: Student Learning Outcome Comparison Per Chapter Between
Discipline-Specific and Integrated Course Approaches.
Human Anatomy lecture outcomes were utilized from Human Anatomy, Martini,
Timmons & Tallitsch, 8th ed. textbook. Human Physiology learning outcomes, in
italics, were patterned after Human Physiology, Stanfield, 6th ed. and from the course
instructors. Bolded text indicates learning outcomes that were repeated in both human
anatomy and human physiology. Human Anatomy & Physiology I and II lecture
outcomes correspond to Fundamentals of Anatomy & Physiology, Martini, Nath, and
Bartholomew, 11th ed. Differences between the course approaches are underlined or
left blank where an outcome was not covered.
Chapter: An Introduction
Human Anatomy
Human A & P I
Human Physiology
Define anatomy and physiology, explain
Define (compare/contrast) the terms
the relationship between these sciences,
Anatomy & Physiology.
and describe various specialties of each
Compare and contrast the various ways discipline.
to approach gross anatomy.
Define the various subspecialties of
anatomy.
Explain the major levels of organization
in a living organism.

Identify the major levels of organization
in organisms, from the simplest to the
most complex.

Identify the various (eleven) organ
systems of the human body and compare Identify the major components of each
and contrast their functions.
organ system.
Describe the organization of life (Cell>tissue->etc.…) and describe the
characteristics of each.
Understand and correctly apply
descriptive anatomical and directional
terminology (Anatomical landmarks,
anatomical regions, anatomical
directions, planes & sections, and body
cavities – see structure list).
Define homeostasis and explain its
significance to the function of the body
Describe the role of negative feedback
in homeostasis.

Use anatomical terms to describe body
regions, body sections, and relative
positions.
Identify the major body cavities of the
trunk and their subdivisions, and
describe the functions of each.
Explain the concept of homeostasis.
Describe how negative feedback and
positive feedback are involved in
homeostatic regulation.
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Describe what is meant by positive
feedback and give examples of positive
feedback systems.
Chapter: Chemistry
Human Anatomy
Human A & P I
Human Physiology
Be able to determine the atomic
An extra credit assignment was created
number and atomic weight of an
to cover chemistry topics but the
element by looking at the periodic
chapter is not covered in A&P
table.
explicitly.
List of chemical terms students need to
explain/define/describe.
Discuss/describe chemical reactions,
enzymes.
Discuss and differentiate between acids
and bases.
Describe the pH scale.
Describe buffer systems.
Discuss chemical reactions, including
distinguishing between substrate and
product, balancing chemical equations,
chemical equilibrium, disturbances in
chemical equilibrium, the law of mass
action, distinguish between
endothermic and exothermic reactions.
Describe the function, structure, and
characteristics of enzymes.
Describe the different forms of energy.
Distinguish between organic and
inorganic molecules.
Describe what a functional group is.
Discuss the most important
characteristics of carbon.
Differentiate between a monomer and a
polymer.
Name and describe the functions,
structure, and characteristics of the
biomolecules, including their storage
forms and their building blocks.
Describe/ differentiate between
hydrolysis and condensation reactions.
Describe the structure and function of
ATP.
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Chapter: The Cellular Level of Organization (Cells)
Human Anatomy
Human A & P I
Human Physiology
Describe the structure and major
List the functions of the plasma
functions of the plasma membrane.
membrane and the structural features that
enable it to perform those functions.
Describe structure and major functions Describe the organelles of a typical cell,
of each of the following: nucleus,
and indicate the specific functions of
ribosomes, ER (rough & smooth), Golgi each.
apparatus, mitochondria, lysosomes,
cytoskeleton, lysosomes, and
peroxisomes.
Describe the structures and give the
function(s) of the cytoskeleton, including
the microtubules, microfilaments, and
intermediate filaments.
Explain how a difference in solute
Describe the processes of cellular
concentration across a membrane can
diffusion and osmosis, and explain their
cause the movement of water (osmosis), role in physiological systems.
and explain the distinction between the
osmolarity and tonicity of a solution.
Explain the differences between primary
and secondary active transport
Define endocytosis and exocytosis, and
explain the primary difference between
these and other mechanisms of cellular
transport. Distinguish between receptormediated endocytosis, phagocytosis, and
pinocytosis.
Know the general characteristics of the
four major classes of biomolecules and
give a brief description of their
functions in cells
Describe the structure and major
functions of each of the following: Gap
junctions, desmosomes, tight junctions.
Define metabolism (aerobic respiration)
and distinguish catabolic from anabolic
reactions.
Recognize/discuss all the different
processes of cellular respiration:
glycolysis, the linking step, Kreb’s cycle,
oxidative phosphorylation/electron
transport chain, chemosmotic coupling.
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Describe carrier-mediated transport and
vesicular transport mechanisms used by
cells to facilitate the absorption or
removal of specific substances.

State and explain the First Law of
Thermodynamics.
Distinguish between endergonic and
exergonic reactions
Describe the structure, function, and
importance of ATP.
Describe oxidation-reduction reactions.
Describe the functions of NAD and
FAD
Explain in general terms how the
polarity of epithelial cells enables them
to absorb or secrete materials.
Describe the importance of the
compartmentalization of the cell
Compare the movement of molecules
across the plasma membrane by
carriers and through channels.
Identify four factors affecting the
permeability of membranes to molecules
that cross by simple diffusion, and
explain how and why each affects
permeability
Identify three general factors that
influence the rate at which a substance
can be passively transported across a
membrane, and identify two general
factors that influence the rate of active
transport
Describe gene expression and
differentiation.
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Chapter: The Tissue Level of Organization (Tissues)
Human Anatomy
Human A & P I
Human Physiology
Name four major types of cells in the
Identify the four major types of tissues
human body and describe their defining in the body and describe their roles.
characteristics. (Professor 2)
Describe and discuss the 4 primary tissue
types, including where they are found,
their structure, their functions, their
characteristics. (Professor 1)

Discuss the types and functions of
epithelial tissue.
Describe the relationship between
structure and function for each type of
epithelium.
List the specific functions of connective
tissue, and describe the three main
categories of connective tissue.
Compare the structures and functions of the
various types of connective tissue proper.

Explain how epithelial and connective
tissues combine to form four types of
tissue membranes and specify the
functions of each.
Describe the three types of muscle tissue
and the special structural features of
each type.
Discuss the basic structure and role of
nervous tissue.
Describe how injuries affect the tissues
of the body.
Describe how aging affects the tissues of
the body.
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Chapter: The Integumentary System
Human Anatomy
Human A & P I
Human Physiology
List 6 general structures that compose
Covered in A&P I
the integumentary system.
List 6 functions of the integument.
Covered in A&P I
Describe the histological organization of Describe the main structural features of
the layers of the epidermis and list the
the epidermis, and explain the functional
functions of each layer and any
significance of each.
specialized
cells found within these layers.
Define “thick” versus “thin” skin.
Covered in A&P I
Describe the histological organization of Describe the structures and functions of
the dermis and list the functions of each the dermis.
layer and any specialized cells found
within
these layers.
Analyze the structure of the
Describe the structures and functions of
subcutaneous layer (hypodermis) and its the subcutaneous layer
importance.
List factors influencing skin color.
Explain what accounts for individual
differences in skin color, and discuss
the response of melanocytes to sunlight
exposure.
Describe the interaction between
sunlight and vitamin D3 production.
Compare and contrast the anatomy and
Describe the mechanisms that produce
functions of the skin’s accessory
hair, and explain the structural basis for
structures: hair, glands, and nails.
hair texture and color.
Hair: Label major structures associate
with hair follicles. List 5 functions of
hair. Define 3 types of hair. List and
briefly describe factors that influence
hair color. List and briefly describe 4
phases of hair growth.

Discuss the various kinds of glands in
the skin, and list the secretions of those
glands.
Describe the anatomical structures of
nails, and explain how they are formed.

Glands: List 2 major categories of
glands and the general function of
glands. Briefly describe and provide the
location for the following: sweat glands,
sebaceous glands, apocrine glands,
merocrine glands, mammary glands,
ceruminous glands.
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Nails: List the function and major
components of nails.
Describe wrinkles, Stretch marks, Lines
of cleavage.

Explain how the skin responds to injury
and repairs itself.

Explain how the skin responds to
injuries and repairs itself.
List 8 changes to the integumentary
system that occurs with age.

Summarize the effects of aging on the
skin.
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Chapter: Osseous Tissue, Bones and Bone Structure
Human Anatomy
Human A & P I
Human Physiology
Describe the major functions of the
Describe the major functions of the
skeletal system.
skeletal system.
Classify bones according to their shapes Classify bones according to shape and
and give one or more examples for each structure, giving examples of each type,
type.
and explain the functional significance
of each of the major types of bone
markings.
Compare and contrast the structure and Identify the cell types in bone, and list
function of the various cell types found their major functions.
within developing and mature bone,
how these cells contribute to the
formation of compact bone and
cancellous bone, and how these cells
contribute to the structure and function
of the periosteum and endosteum.
Describe functional and structural
Compare the structures and functions of
differences associated with compact &
compact bone and spongy bone.
spongy bone.
Compare and contrast the processes
Compare the mechanisms of
involved in the formation of bone and
endochondral ossification and
the growth of bone, and explain the
intramembranous ossification.
factors involved in the regulation of
these processes.
List and describe in detail 2 types of
ossification.
Define (compare/contrast) the
differences between Ossification,
Osteogenesis, and Calcification.

Describe the different types of fractures
and outline how fractures heal.
Briefly describe 4 steps in injury repair
for osseous tissue (i.e. a fracture).
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Describe the remodeling and
homeostatic mechanisms of the skeletal
system.
Discuss the effects of exercise, nutrition,
and hormones on bone development and
the skeletal system.
Explain the role of calcium as it relates
to the skeletal system.
Describe the types of fractures, and
explain how fractures heal.

List 4 major blood vessels associated
with long bones.
Define osteoporosis in terms of the
factors related to the aging skeletal
system.
Explain how the normal functioning,
growth, remodeling, and repair of the
skeletal system is integrated with other
systems of the body.

Covered in A&P I
Summarize the effects of the aging
process on the skeletal system.
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Chapter: The Axial Skeleton
Human Anatomy
Human A & P I
Human Physiology
List 3 major regions of the axial
Covered in A&P I
skeleton.
List the number of bones in the axial
Covered in A&P I
skeletal system (and subdivisions).
Identify the bones and major bone
Identify the bones and major bone
markings of the axial skeleton (see
markings of the axial skeleton, and
structure list).
specify their functions.
Compare and contrast the sutures of the Identify the bones, foramina, and
skull.
fissures of the cranium and face, and
explain the significance of the markings
List and describe the bones of the
on the individual bones.
cranium (see structure list).
Identify and describe the bones of the
face (see structure list).
Identify and list the functions of the
bones of the orbital and nasal
complexes.
Identify and describe the curves of the
spinal column, and indicate the function
of each.
List and briefly describe 3 types of
abnormal curvatures of the vertebral
column.
Compare and contrast the vertebral
groups and describe the differences
among them in structural and functional
terms.
List and briefly describe the major
functions of the thoracic cage.
Define (compare/contrast) the
differences between true, false,
vertebrosternal, vertebrochondral, and
vertebral ribs.
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Describe the structure and functions of
the orbital complex, nasal complex, and
paranasal sinuses.
Identify and describe the curves of the
spinal column, and indicate the function
of each.

Identify the five vertebral regions, and
describe the distinctive structural and
functional characteristics of the
vertebrae in each region.
Explain the significance of the joints
between the thoracic vertebrae and ribs,
and between the ribs and sternum.

Chapter: The Appendicular Skeleton
Human Anatomy
Human A & P I
Human Physiology
List 4 major components of the
Covered in A&P I
appendicular skeleton.
List the number of bones in the
Covered in A&P I
appendicular skeletal system (and
subdivisions).
Identify the bones of the pectoral girdle Identify the bones that form the pectoral
and upper limb and their prominent
girdles, their functions, and their surface
surface features (see structure list).
features.
Identify the bones of the upper limbs,
their functions, and their surface
features.
Identify the bones that form the pelvic
Identify the bones that form the pelvic
girdle and lower limb and their
girdle, their functions, and their surface
prominent surface features (see structure features.
list).
Identify the bones of the lower limbs,
their functions, and their surface
features.
Explain how studying the skeleton can
Explain how studying the skeleton can
reveal important information about an
reveal important information about an
individual.
individual.
Summarize sex differences in the
Covered in A&P I
human skeleton.
Define (compare/contrast) the
differences between the greater pelvis,
lesser pelvis, pelvic inlet, and pelvic
outlet.
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Chapter: Articulations/Joints
Human Anatomy
Human A & P I
Human Physiology
Compare and contrast the ways to
Contrast the major categories of joints,
classify joints.
and explain the relationship between
structure and function for each
category.
Describe the basic structure of a
Describe the basic structure of a
synovial joint, and describe common
synovial joint, and describe common
synovial joint accessory structures and
synovial joint accessory structures and
their functions.
their functions.
Explain the types of movements that
Describe how the anatomical and
can occur at a typical synovial joint as
functional properties of synovial joints
well as how synovial joints are
permit movements of the skeleton.
classified according to the type and
range of movement permitted at that
joint.
Describe the structure and function of
the joint between the temporal bone
and the mandible.
Label jaw ligaments and joints (see
structure list). Also, consider how each
representative joint is classified.
Analyze the structure and function of
the joints between adjacent vertebrae of
the vertebral column.
Label vertebral column ligaments and
joints (see structure list). Also, consider
how each representative joint is
classified.
Describe how the structure of the
elbow and radioulnar joints helps
facilitate the positioning of the hand.
Analyze the structure and function
of the knee joint and compare and
contrast it to the structure and
function of the elbow joint.
Label knee and elbow ligaments and
joints (see structure list). Also, consider
how each representative joint is
classified.
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Describe the joints between the
vertebrae of the vertebral column.

Describe the structure and function of
the elbow joint and the knee joint.

Analyze the structure and function of
the joints that make up the shoulder
complex.

Describe the structure and function of
the shoulder joint and the hip joint.

Analyze the structure and function
of the hip joint and compare and
contrast it to the structure and
function of the shoulder joint.
Label shoulder ligaments and joints
(see structure list). Also, consider how
each representative joint is classified.
Explain the structure and function of
the joints of the wrist and hand.

Explain the structure and function of
the joints of the wrist and hand.

Label wrist and hand ligaments and
joints (see structure list). Also, consider
how each representative joint is
classified.
Describe the structure and function of
the joints of the ankle and foot.

Describe the structure and function of
the joints of the ankle and foot.

Label ankle and foot ligaments and
joints (see structure list). Also, consider
how each representative joint is
classified.
Explain how aging may affect the
joints of the body.
Explain how the skeletal and muscular
systems are functionally
interdependent.
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Describe the effects of aging on joints,
and discuss the most common agerelated clinical problems for joints.
Explain the functional relationships
between the skeletal system and other
body systems.

Chapter: Skeletal Muscle Tissue and Muscle Organization
Human Anatomy
Human A & P I
Human Physiology
List and briefly describe the five
Identify the common properties of
functions of skeletal muscle.
muscle tissues and the primary functions
of skeletal muscle.
Compare and contrast the gross and
Describe the organization of muscle at
microscopic anatomy of a skeletal
the tissue level.
muscle.
Compare and contrast the gross and
Describe the characteristics of skeletal
microscopic anatomy of a skeletal
muscle fibers, and identify the
muscle.
components of a sarcomere
Name the major structural features of
a skeletal muscle cell (sarcomere
organization, etc.), and briefly describe
the relationship between the structure
and the function of each structural
feature.
List and explain the steps involved in Identify the components of the
neuromuscular junction, and summarize
the contraction and relaxation of a
the events involved in the neural control
skeletal muscle fiber.
of skeletal muscle contraction and
Describe the Excitation-Contraction
relaxation.
Coupling sequence (include the
Neuromuscular Junction) and the crossbridge cycle. Relate this cross-bridge
sequence to the sliding filament model
of muscle contraction.
Define a motor unit and its relationship Describe the mechanism responsible for
to muscle tension.
the different amounts of tension
produced in a muscle fiber.
Explain how a motor unit is controlled
by a single motor neuron.
Describe how motor units are related to
precise and less precise control.
Describe the phases of a twitch.
How do muscle cells generate ATP?
Compare and contrast fast, slow, and
intermediate skeletal muscle fibers.

Compare the different types of skeletal
muscle contraction.
Covered in A&P I when time permits.
Relate the types of muscle fibers to
muscle performance, discuss muscle
hypertrophy, atrophy, and aging, and
describe how physical conditioning
affects muscle tissue.
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Identify the structural and functional
differences between skeletal muscle
fibers and cardiac muscle cells.
Identify the structural and functional
differences between skeletal muscle
fibers and smooth muscle cells, and
discuss the roles of smooth muscle tissue
in systems throughout the body.
Describe the effects aging has on
skeletal muscles.
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Chapter: Muscular System: Axial and Appendicular Muscles
Human Anatomy
Human A & P I
Human Physiology
Describe the arrangement of muscle
Describe the arrangement of fascicles in
fibers in parallel, convergent, pennate
the various types of muscles, and explain
(three types), and circular skeletal
the resulting functional differences.
muscles.
Describe how the action produced by a
Predict the actions of a muscle based on
muscle at a joint is dependent upon the
its origin and insertion, and explain how
structure of the joint and the location
muscles interact to produce or oppose
of the muscle relative to the axis of
movements.
movement at the joint.
Define and give an example of the
following terms: agonist, antagonist,
synergist, and fixator.
Define origin, insertion, and action.
Explain how the name of a muscle can
help identify its location, appearance, or
function.
Describe the location and function of
the four groups of axial muscles.

Explain how the name of a muscle can
help identify its location, appearance, or
function.
Identify the principal axial muscles of
the body, plus their origins, insertions,
and actions (see structure list).

Identify the six subgroups of the
muscles of the head and neck and
explain how they differ in their origins,
insertions, and actions (see structure
list).
List the three layers of the muscles of
the vertebral column and explain how
the muscles differ in their origins,
insertions, and actions (see structure
list).
Identify the muscles of the oblique and
rectus groups and explain how they
differ in their origins, insertions, and
actions (see structure list).
Identify and locate the muscles of the
pectoral girdle and upper limb,
including their origins, insertions, and
actions (see structure list).
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Identify the principal appendicular
muscles of the body, plus their origins,
insertions, and actions (see structure
list), and compare the major functional
differences between the upper and lower
limbs.

Identify and locate the muscles of the
pelvic girdle and lower limb, including
their origins, insertions, and actions (see
structure list).
Explain the functional relationship
between the muscular system and other
body systems, and explain the role of
exercise in producing various responses
in other body systems.
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Chapter: Nervous Tissue
Human Anatomy
Human A & P I
Human Physiology
Discuss the anatomical organization and Describe the anatomical and functional
general function of the nervous system. divisions of the nervous system.
Explain the basic anatomical
organization of the nervous system.
Define CNS and PNS and describe their
structural components and
responsibilities.
Describe the major components of the
nervous system and the direction of
information flow within and among
them.
Specify the components of the afferent
and efferent divisions of the nervous
system, and explain what is meant by
the “somatic nervous system.”
Describe the structure of a typical
neuron and discuss the basis for the
structural and functional classification
of neurons.

Specify the components of the afferent
and efferent divisions of the nervous
system, and explain what is meant by the
“somatic nervous system.”
Sketch and label the structure of a
typical neuron, describe the functions of
each component, and classify neurons
based on their structure and function.

Basic anatomy of the neuron, compare
the functions of each part; compare
functions of each part of the neuron,
and describe the types of ion channels
located in each part.
Discuss the functions of each type of
Describe the locations and functions of
glial cell. Define Neuroglia found in
the various types of neuroglia.
PNS and CNS (name, location,
function).
Two different types of cells in the
nervous system—what they are and
what are their functions.
Describe the function of myelin—what
cells use it?
Explain how the resting membrane
Describe the establishment of
potential is established and maintained
membrane potential.
and how the membrane potential can
change
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Explain the role of chemical, electrical,
and electrochemical driving forces in
passive transport of substances across a
membrane and distinguish between
passive and active transport

Describe the events involved in the
generation and propagation of an action
potential and the factors involved in
determining the speed of action potential
propagation.

Describe the establishment of action
potentials, refractory periods,
propagation of action potentials
(myelinated and non-myelinated).
Analyze the factors that determine the
speed of nerve impulse conduction.

Describe the structure of a synapse, and
explain the mechanism involved in
synaptic activity.

Describe the microanatomy of a
synapse and summarize the events
that occur during synaptic
transmission.
Describe the steps by which an
impulse crosses vesicular and nonvesicular synapses. Understand the
difference between chemical and
electrical synapses.
Describe the communication across
chemical synapses, explain how
neurotransmitters are released, and
describe their actions after release.
Describe the neurotransmitters covered
in the lecture—excitatory, inhibitory?
How are neurotransmitters degraded?
What is the signal transduction
mechanism for neurotransmitters (in
general)?
Describe the establishment of
membrane potential, changes in
membrane potential, compare and
contrast graded potentials (include
IPSP and EPSP).
Describe the process of peripheral nerve
regeneration after injury to an axon.
Describe the process of neural
integration and the role of the axon
hillock in this process.
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Describe the major types of
neurotransmitters and neuromodulators,
and discuss their effects on postsynaptic
membranes.

Discuss the interactions that enable
information processing to occur in
nervous tissue.

Covered in A&P I

Chapter: The Nervous System: Spinal Cord, Spinal Nerves and Spinal Reflexes
Human Anatomy
Human A & P I
Human Physiology
Discuss the anatomical organization and Describe the basic structural and
general function of the nervous system. organizational characteristics of the
nervous system.
Discuss the structure and functions of
Discuss the structure and functions of the
the spinal cord.
spinal cord, and describe the three
meningeal layers that surround the
Locate the spinal meninges, describe
central nervous system.
their structure, and compare and
contrast their functions (include general
histology and function of each).
Indicate which structures protect the
CNS and which are involved in neural
signaling.
Discuss the structure and location of the
gray matter and white matter, and
compare and contrast the roles of both
in processing and relaying sensory and
motor information.
Identify the regional groups of spinal
nerves.
Define the term nerve plexus and
compare and contrast the four main
spinal nerve plexuses.

Explain the roles of white matter and
gray matter in processing and relaying
sensory information and motor
commands.
Describe the major components of a
spinal nerve, describe a nerve plexus,
and relate the distribution pattern of
spinal nerves to the regions they
innervate.

Define the spinal nerve and the three
connective tissue layers found in
peripheral nerves.
Describe what is unique about the
thoracic spinal nerves as compared to
the other regions in terms of the number
of branches. Define each branch
(information carried).
Label the spinal nerves make up the
cervical, brachial, lumbosacral
plexuses.
Trace the spinal nerves of the brachial
plexus through trunks, divisions, cords,
and major peripheral nerves.
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Identify the major peripheral nerves that
emerge from the cervical, brachial and
lumbosacral plexuses (see structure
list).
Explain the possible methods of
Discuss the significance of neuronal
interaction between individual neurons
pools, and describe the major patterns of
or groups of neurons in neuronal pools. interaction among neurons within and
among these pools.
Describe the grouping of neurons
within the CNS and PNS.
Describe the structures and steps
Describe the steps in a neural reflex, and
involved in a neural reflex.
classify the types of reflexes.
Define spinal reflexes: stretch (stimulus, Distinguish among the types of motor
receptor, response, & effector).
responses produced by various reflexes.
Define a reflex arc. Describe a stretch
reflex, withdrawal reflex, and crossed
extensor reflex.
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Chapter: The Nervous System: The Brain and Cranial Nerves
Human Anatomy
Human A & P I
Human Physiology
Identify the major regions of the brain
Name the major brain regions, vesicles,
and identify their functions (see
and ventricles, and describe the locations
structure list).
and functions of each.
Describe the area of the brain in terms
of their functions.
Compare and contrast the structures that
protect and support the brain.
Describe the 3 cranial meninges that
surround the brain and how they
compare to the spinal meninges.

Explain how the brain is protected and
supported, and discuss the formation,
circulation, and function of
cerebrospinal fluid.

Define the Blood-Brain Barrier.
Describe the functions, locations, and
steps in the circulation of cerebrospinal
fluid (CSF).
Identify the anatomical structures of the
medulla oblongata and describe their
functions.

Describe the anatomical differences
between the medulla oblongata and the
spinal cord, and identify the main
components and functions of the
medulla oblongata.
List the structures found within the pons List the main components of the pons,
and list their functions.
and specify the functions of each.
Identify the features of the
List the main components of the
mesencephalon and describe their
midbrain, and specify the functions of
functions.
each.
Identify the components of the
List the main components of the
cerebellum and list their functions.
cerebellum, and specify the functions of
each.
Identify the anatomical structures that
List the main components of the
form the thalamus and hypothalamus
diencephalon, and specify the functions
and list their functions.
of each.
Describe the general components and
Identify the main components of the
functions of the basal ganglia and the
limbic system, and specify the locations
limbic system.
and functions of each.
List five main lobes of the brain and
Identify the major anatomical
describe what they perceive.
subdivisions and functions of the
cerebrum.
Identify the locations and describe the
main functions of the precentral and
postcentral gyrus.
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Compare and contrast motor, sensory,
association, and limbic areas of the
cerebrum.
Describe representative examples of
cranial reflexes that produce somatic
responses or visceral responses to
specific stimuli.
Compare and contrast the twelve cranial
nerves.

List and identify the cranial nerves by
name, number, and describe their
primary functions and whether they
carry sensory, motor, or both (sensory
and motor) neurons.
Define and identify the 4 ventricles of
the brain.
Identify the pineal gland located and
describe its function.

Covered in A&P I
Covered in A&P I
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Chapter: The Nervous System: The Autonomic Nervous System
Human Anatomy
Human A & P I
Human Physiology
Compare the organization of the
Compare and contrast the somatic
autonomic nervous system with that of
and autonomic nervous systems.
the somatic nervous system.
Describe the two branches of the
Name the divisions and major functions
autonomic nervous system and their
of the ANS.
functions (include pre-ganglionic and
post-ganglionic nerves).
Describe where the preganglionic fibers
originate and the names of the ganglia
they may synapse in.
Summarize the anatomical and
functional characteristics of the
sympathetic nervous system.

Describe the structures and functions of
the sympathetic division of the
autonomic nervous system.

Describe the sympathetic ganglia chain
(general location, the origin of
preganglionic fibers, target tissue,
general function, basic anatomy).
Describe the collateral ganglia general
location, the origin of preganglionic
fibers, target tissue, general function,
basic anatomy).
Describe how the suprarenal medulla is
innervated by the sympathetic division.
Describe the types of sympathetic
synapses and their neurotransmitter
release.

Describe the types of neurotransmitters
and receptors and explain their
mechanisms of action.

Describe the chemical messengers and
receptor types associated with the PNS
and ANS.
Summarize the anatomical and
functional characteristics of the
parasympathetic nervous system.

Describe the structures and functions of
the parasympathetic division of the
autonomic nervous system.

Describe the parasympathetic ganglia
(general location, the origin of
preganglionic fibers, target tissue).
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Describe the mechanisms of
parasympathetic neurotransmitter release
and their effects on target organs and
tissues.

Describe the types of
parasympathetic synapses and their
neurotransmitter release.
Describe how the CNS regulates and
controls the autonomic nervous system.
Compare and contrast the sympathetic
and parasympathetic nervous systems.
Summarize the concept of dual
innervation by the two branches of the
autonomic nervous system.

Compare and contrast the sympathetic
and parasympathetic nervous systems.
Discuss the functional significance of
dual innervation and autonomic tone.

Describe dual innervation, and how
the CNS regulates and controls the
autonomic nervous system.
Summarize the effects of aging on the
nervous system and give examples of
interactions between the nervous system
and other organ systems.
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Chapter: Nervous System: The Special Senses
Human Anatomy
Human A & P II
Human Physiology
Describe the sensory transduction
Describe the sensory organs of smell,
mechanism for each of the special
trace the olfactory pathways to their
senses… know the special name of each destinations in the brain, and explain the
special sensory receptor.
physiological basis of olfactory
discrimination.
Describe the neural pathways of the
different sensory systems from sensory
receptors to the cerebral cortex.
Describe the sensory transduction
Describe the sensory organs of taste,
mechanism for each of the special
trace the gustatory pathways to their
senses… know the special name of each destinations in the brain, and explain the
special sensory receptor.
physiological basis of gustatory
discrimination.
Describe the neural pathways of the
different sensory systems from sensory
receptors to the cerebral cortex.
Describe the sensory transduction
Identify the internal and accessory
mechanism for each of the special
structures of the eye, and explain the
senses… know the special name of each functions of each. Identify the pathway
special sensory receptor.
of light to photoreceptors.
Describe the neural pathways of the
different sensory systems from sensory
receptors to the cerebral cortex.
Describe how refraction and the
focusing of light on the retina lead to
vision.
Describe how light is focused on the
Explain color and depth perception,
retina—including the path of light to the describe how light stimulates the
retina. Explain the differences between
production of nerve impulses, and trace
rods and cones in the eye. What is the
the visual pathways to their destinations
process of phototransduction of light in in the brain.
the dark vs in the light for a rod
photoreceptor?
Describe the neural pathways of the
different sensory systems from sensory
receptors to the cerebral cortex.
Describe the two sensory systems of the
ear—the pathway of sound from the
environment to a sensory receptor in the
inner ear AND equilibrium reception (2
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Describe the structures of the external,
middle, and internal ear, explain their
roles in equilibrium (static and
dynamic), hearing, and trace the
pathways for equilibrium and hearing to

receptor types—rotational and
acceleration).
Describe the function of sensory
receptors and explain how they perform
their functions.
Describe the two chemoreceptors that
are special senses.
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their destinations in the brain. Trace the
pathway of sound to the Organ of Corti.

Chapter: The Endocrine System and Chemical Messengers
Human Anatomy
Human A & P II
Human Physiology
Explain the importance of intercellular
communication, describe the
mechanisms involved, and compare the
modes of intercellular communication
that occur in the endocrine and nervous
systems.
Compare three major functional classes Compare the cellular components of the
of chemical messengers (paracrine,
endocrine system with those of other
neurotransmitters, and hormones)
systems, contrast the major structural
concerning the cell that releases them
classes of hormones, and explain the
and the ways the messenger gets to the
general mechanisms of hormonal action
target cell.
on target organs.
Name hormones released by the
Describe the location, hormones, and
pituitary gland and where these
functions of the pituitary gland.
hormones go /effects of the hormones.
Remember feedback loops.
Name hormones released by the thyroid Describe the location, hormones, and
gland and where these hormones go
functions of the thyroid gland.
/effects of the hormones. Remember
feedback loops.
Name hormones released by the
Describe the location, hormones, and
parathyroid gland and where these
functions of the parathyroid glands.
hormones go /effects of the hormones.
Remember feedback loops.
Name hormones released by the adrenal Describe the location, structure,
glands (cortisol—stress), and where
hormones, and general functions of the
these hormones go /effects of the
adrenal glands.
hormones. Remember feedback loops.
Name hormones released by the pineal
Describe the location of the pineal
gland and gonads and where these
gland, and discuss the functions of the
hormones go /effects of the hormones.
hormone it produces.
Remember feedback loops.
Name hormones released by the
Describe the location, structure,
pancreas and where these hormones go hormones, and functions of the pancreas.
/effects of the hormones. Remember
feedback loops.
Name hormones released by the gonads Describe the functions of the hormones
and where these hormones go /effects of produced by the kidneys, heart, thymus,
the hormones. Remember feedback
testes, ovaries, and adipose tissue.
loops.
Hormone interactions: synergistic,
Explain how hormones interact to
permissive, antagonist.
produce coordinated physiological
responses and influence behavior.
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Describe Endocrine gland stimuli:
humoral, neural, and hormonal.
Describe the basic structure and
function of each chemical class of
messenger (amines, amino acid,
peptides, steroids, and eicosanoids)
concerning mechanisms of synthesis,
release, transport, and signal
transduction.
Compare and contrast signal
transduction mechanisms for lipophilic
and lipophobic messengers.
Describe receptor binding and
properties; upregulation,
downregulation; agonist, antagonist.
Describe the following functional
classes of receptors: channel-linked
receptors, enzyme-linked receptors, and
G protein-linked receptors.
Compare and contrast communication
mediated through the nervous and
endocrine systems.
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Chapter: Blood
Human Anatomy
Human A & P II
Human Physiology
Identify the major components of blood Describe the components and major
and describe their functions: plasma,
functions of blood, identify blood
RBC, WBC, and platelets (know steps of collection sites, list the physical
hemostasis).
characteristics of blood, and specify the
composition and functions of plasma.
Covered in human physiology
List the characteristics and functions of
red blood cells, describe the structure
and functions of hemoglobin, describe
how red blood cell components are
recycled, explain erythropoiesis, and
discuss respiratory gas transport.
Blood typing and incompatibility issues Explain the importance of blood typing
(surface antigen vs. antibodies—A, B,
and the basis for ABO and Rh
O, and Rh+).
incompatibilities.
Covered in human physiology
Categorize white blood cell types based
on their structures and functions, and
discuss the factors that regulate the
production of each type.
Covered in human physiology
Describe the structure, function, and
production of platelets.
Covered in human physiology
Discuss the mechanisms that control
blood loss after an injury, and describe
the reaction sequences responsible for
blood clotting.
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Chapter: The Heart
Human Anatomy
Human Physiology
Identify the major structures of the
heart and its functions. (see structure
list)

Human A & P II

Outline the anatomy of the pericardium.

Describe the anatomy of the heart,
including vascular supply and
pericardium structure, and trace the flow
of blood through the heart, identifying
the major blood vessels, chambers, and
heart valves.

Describe the anatomy of cardiac
muscle.
Outline how the heart is orientated
within the thoracic cavity.
Compare and contrast the anatomy of
the four chambers of the heart.
Outline the path blood would take as
it passes from the right atrium of the
heart to the lungs and back to the
right atrium.
Explain what nodal cells and conducting Explain the events of an action potential
fibers are and the role they play in
in cardiac muscle, indicate the
coordinating the cardiac cycle.
importance of calcium ions to the
contractile process, describe the
Describe how a signal travels from the
conducting system of the heart, and
Cardiac Pacemaker to the myocardium. identify the electrical events associated
with a normal electrocardiogram.
Trace the conduction system (pathway
of APs through the heart to contractile
cells) of the heart, and relate the
heart’s electrical activity to its
pumping action.
Outline the events of the cardiac cycle.
Explain the events of the cardiac cycle,
including atrial and ventricular systole
Define systole and diastole.
and diastole, and relate the heart sounds
to specific events in the cycle.
Describe the ANS control of heart rate,
including the effects of norepinephrine
and acetylcholine related to heart rate?
Relate the heart sounds to specific
events in the cycle.
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Explain the following events in the
cardiac cycle: changes in ventricular,
aortic, and atrial pressure; changes in
ventricular volume; and heart sounds.
Explain how each of the following
variables affects cardiac output:
sympathetic and parasympathetic
nervous activity, circulating
epinephrine, afterload, preload, enddiastolic volume, ventricular
contractility, and filling time.
Outline how the heart rate is modified
by the autonomic nervous system.
Compare and contrast the anatomy of
the right and left coronary arteries.

Define cardiac output, describe the
factors that influence heart rate and
stroke volume, and explain how
adjustments in stroke volume and
cardiac output are coordinated at
different levels of physical activity.
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Chapter: Blood Vessels and Circulation
Human Anatomy
Human A & P II
Human Physiology
Compare and contrast the histology of
Distinguish among the types of blood
an elastic artery, muscular artery,
vessels based on their structure and
arteriole, capillary, venule, and vein.
function.
Describe how venous valves aid in the
return of blood to the heart. What are
varicose veins?
Outline three important functional
patterns that describe the distribution of
blood vessels within the body.
Explain the anatomy of the vasculature
and the basic functional properties of
the different types of blood vessels.
How does mean arterial pressure
(MAP) influence flow; describe
baroreceptors and their impact on
MAP; how changes in arterial Carbon
dioxide levels, body heat, and exercise
affect cardiovascular function and
MAP.
Explain how the material is exchanged
between blood and interstitium.
Describe forces that cause bulk flow of
fluid across capillary walls.
Explain the role of arterioles in varying
resistance—intrinsic control and
extrinsic control.
Explain each variable in the equation:
Flow = pressure gradient/resistance.

Compare and contrast the pulmonary
and systemic circuits.

293

Describe the factors that influence blood
pressure, and explain how and where
fluid and dissolved materials enter and
leave the cardiovascular system.

Describe the control mechanisms that
regulate blood flow and pressure in
tissues, and explain how the activities of
the cardiac, vasomotor, and respiratory
centers are coordinated to control blood
flow through the tissues.
Identify the principal blood vessels (see
structure list) and functions of the
special circulation to the brain, heart,
and lungs, and explain the
cardiovascular system’s homeostatic
response to exercise and hemorrhaging.
Describe the pulmonary and systemic
circuits of the cardiovascular system.
Identify the major arteries and veins of
the pulmonary circuit (see structure list).

Identify the major arteries of the
systemic circuit and the areas and
organs supplied by each vessel. (see
structure list).

Identify the major arteries and veins of
the systemic circuit (see structure list).

Trace the major arteries that supply the
neck, face, and brain-starting at the
aorta.
Trace the major arteries that supply the
upper extremity-starting at the aorta.
Trace the major arteries that supply the
lower extremity-starting at the aorta.
Identify the major veins of the systemic
circuit and the areas and organs drained
by each vessel.
Trace the major veins that return blood
from the neck, face, and brain-ending at
the superior vena cava.
Trace the major veins that return blood
from the upper extremity-ending at the
superior vena cave (4 routes).
Trace the major veins that return blood
from the lower extremity-ending with
the inferior vena cava.
Compare the percentage of blood that is
normally contained within the heart,
arteries, and capillaries to the percentage
that is normally contained within the
veins.
Describe the major cardiovascular
changes that occur at birth and explain
their functional significance.
Outline the age-related changes that
occur in the cardiovascular system.
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Chapter: The Lymphatic System and Immunity
Human Anatomy
Human A & P II
Human Physiology
List and describe the functions of the
Identify the major components of the
Lymphoid organs and nodes.
lymphatic system, describe the structure
and functions of each component, and
Name the lymphoid cells.
discuss the importance of lymphocytes.
Differentiate between active and
Distinguish between innate (nonspecific)
passive immunity.
and adaptive (specific) immunity, and
explain the role of lymphocytes in the
immune response.
Covered in human physiology
List the body’s innate defenses, and
describe the components, mechanisms,
and functions of each.
Covered in human physiology
Define adaptive (specific) defenses,
identify the forms and properties of
immunity, and distinguish between cellmediated (cellular) immunity and
antibody-mediated (humoral) immunity.
Describe Cell-mediated immunity. List
Discuss the types of T cells and their
T cell types and state how helper T and roles in the adaptive immune response,
cytotoxic T cells contribute to the
and describe the mechanisms of T cell
immune response.
activation and differentiation.
Describe the double recognition
process that sensitizes the T cells.
Explain the difference between the
MHC class I and II.
Describe the activation of the T cell
(include antigen binding and costimulation).
Describe Humoral immunity—how B
cells, through the production of
antibodies, contribute to immune
response. Define immunological
memory.

Discuss the mechanisms of B cell
activation and differentiation, describe
the structure and function of antibodies,
and explain the primary and secondary
responses to antigen exposure.

State the five classes of antibodies
(MADGE) and list the distinctive
features of each class.
Describe the functions of the antibody
(remember “PLAN”).
Define Antigen, Self-tolerance, and
Immunocompetence.

Describe the development of
immunocompetence, discuss the effects
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of stress on immune function, and list
and explain examples of immune
disorders and allergies.
Describe how the skin and mucous
membranes, inflammation,
antimicrobial proteins, phagocytes, NK
cells, and fever contribute to the body’s
non-specific (Innate) defense.
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Chapter: The Respiratory System
Human Anatomy
Human A & P II
Human Physiology
List the six functions of the respiratory
Describe the primary functions and
system.
organization of the respiratory system,
and explain how the delicate respiratory
exchange surfaces are protected from
Describe the primary functions of the
pathogens, debris, and other hazards.
respiratory system and identify the
primary organs of the respiratory
system and describe their functions.
Compare and contrast the anatomy and
Identify the organs of the upper
functions of the structures of the upper
respiratory system, and describe their
respiratory system.
functions.
Describe the anatomy of the larynx.
Describe the structure of the larynx,
discuss its roles in normal breathing and
Describe the anatomy of the trachea.
sound production, and identify the
structures of the airways.
Compare and contrast the anatomy of
the primary bronchi.
Describe the functional anatomy of
Describe the anatomy of alveoli.
alveoli.
Explain the roles of surfactant.
Describe the anatomy of the
respiratory membrane, and explain
how its structure facilitates the
exchange of gases between blood and
air.
Compare and contrast the anatomy of
the right and left lungs.

Describe the superficial anatomy of the
lungs and the structure of a pulmonary
lobule.
Define and compare the processes of
Define and compare the processes of
external and internal respiration.
external respiration and internal
respiration.
List the three most important muscles of Summarize the physical principles
respiration, and then describe their
controlling the movement of air into and
origins and insertions.
out of the lungs, and describe the actions
of the respiratory muscles.
Explain the role of peripheral and
central chemoreceptors in the control of
ventilation.
Summarize the physical principles
Summarize the physical principles
governing the movement of air into the
governing the diffusion of gases into and
lungs and the diffusion of gases into the out of the blood and body tissues.
blood.
Describe the mechanics of breathing
and name the muscles of respiration
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Describe the roles of lung compliance
and airway resistance in ventilation
Describe how oxygen and carbon
dioxide are picked up, transported, and
released in the blood (including
hemoglobin).
Explain the relationship between the
PCO2 of blood and the pH of the blood.
Describe the action of carbonic
anhydrase in RBC as blood passes
through the systemic and pulmonary
circulations
Define Eupnea and Hyperpnea.
Describe the neural mechanisms that
establish a respiratory rhythm.
Distinguish between respiratory centers
that establish the rhythm and those that
regulate the rhythm.
Describe the anatomy of the pleural
cavities and pleural membranes.
Describe how changes in PO2 and
PCO2 in lung tissues can alter
ventilation---ventilation-perfusion.
Explain how the respiratory system
regulates the acid-base balance of
blood by the varying rate of carbon
dioxide expiration.
List three major effects of aging on the
respiratory system.
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Describe the structure and function of
hemoglobin and the transport of oxygen
and carbon dioxide in the blood.

List the factors that influence respiration
rate, and discuss the reflex respiratory
activity and the brain centers involved in
the control of respiration.

Chapter: The Urinary System
Human Anatomy
Human A & P II
Human Physiology
List 8 major functions of the urinary
Identify the organs of the urinary system,
system.
and describe the functions of the system.
Discuss the gross and histological
Describe the location and structures of
anatomy of the kidney. Label the major the kidneys, identify major blood vessels
components of the kidney in a sectional associated with each kidney, trace the
view (see structure list).
path of blood flow through a kidney, and
describe the structure of a nephron.
List and describe 3 layers of connective
tissue that protect the kidney.

Describe the structure of the nephron,
and outline the process involved in
the formation of urine.
Describe the basic processes that form
urine.
List and describe the factors that
Describe the factors that influence
influence filtration pressure and the rate glomerular filtration pressure and the
of filtrate formation (GFR).
rate of filtrate formation.
List and describe the functions of the 4 Identify the types and functions of
transport mechanisms found along each
major components of the nephron.
segment of the nephron and collecting
Identify the components (nephron
system.
components → collecting duct →
ureter → bladder and urethra) and
functions of the urinary system.
Explain the role of countercurrent
multiplication, and describe the
characteristics of a normal urine sample.
Describe how hormones influence the
Describe hormonal influence on the
volume and concentration of urine and
volume and concentration of urine.
the stimuli that release these hormones
(ADH, aldosterone, ANP, PTH,
calcitonin, renin).
Describe how the urinary excretion of
solutes and water influences the volume
and composition of plasma, and identify
other processes that affect plasma
volume and composition.
Discuss the gross and histological
Describe the structures and functions of
anatomy of the ureter, bladder, and
the ureters, urinary bladder, and urethra,
urethra. Identify major structures
discuss the voluntary and involuntary
associated with the urinary bladder (see
regulation of urination, and describe the
structure list).
urinary reflexes.
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Compare and contrast the male and
female urethra.
Describe the sequence of events for
the micturition reflex and urination.
Describe the event that occurs during
micturition (not in infants).
Outline the effects of aging on the
urinary system.
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Chapter: Fluid, Electrolyte, and Acid-Base Balance
Human Anatomy
Human A & P II
Human Physiology
Describe various factors that influence Explain what is meant by the terms fluid
acid-base balance—explain how buffers balance, electrolyte balance, and acidin blood, actions of the respiratory
base balance, and discuss their
system, and kidneys compensate for
importance for homeostasis.
acid-base disturbances.
Covered in human physiology
Compare the composition of ECF and
ICF, explain the basic concepts involved
in the regulation of fluids and
electrolytes, and identify the hormones
that play important roles in fluid and
electrolyte regulation.
Covered in human physiology
Discuss the mechanisms by which
sodium, potassium, calcium, magnesium,
phosphate, and chloride ion
concentrations are regulated to maintain
electrolyte balance.
Describe various factors that influence Explain the buffer systems that balance
acid-base balance—explain how buffers the pH of the ICF and ECF, and describe
in blood, actions of the respiratory
the compensatory mechanisms involved
system, and kidneys compensate for
in maintaining acid-base balance.
acid-base disturbances.
Covered in human physiology
Identify the most frequent disturbances
of acid-base balance, and explain how
the body responds when the pH of body
fluids varies outside normal limits.
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Chapter: The Digestive System and Metabolism, Nutrition and Energetics
Human Anatomy
Human A & P II
Human Physiology
Describe the functions of the digestive Identify the organs of the digestive
system, list their major functions,
system.
describe the histology of the digestive
tract, and outline the mechanisms that
Identify the organs of the digestive
system (see structure list) and list their regulate digestion.
major functions.
Describe the structure of the wall of
the gut “tube”.
Define Peritoneum, Intraperitoneal
Organs, Retroperiotoneal Organs, and
Messenteries (mesentery proper,
transverse mesocolon, sigmoid
mesocolon, fusion fascia, lesser
omentum, and greater omentum).
List 5 major components of the oral
cavity.

Discuss the anatomy of the oral cavity
(see structure list), and list the functions
of its major structures and regions.

Outline the gross and microscopic
anatomical structure of the tongue,
teeth, and salivary glands (see structure
list).
List 3 areas the tongue can be divided
into and which contains the taste buds?
Describe the function of saliva and
how it is regulated. What substance
released by the tongue begins the
digestion of fat?
What two muscles groups control the
tongue?
List 3 pairs of salivary glands.
List 4 types of teeth and how many of
each are found per jaw. Define the 3
major areas of a tooth.
Define types of movements of
digestive material through the
digestive tracts (peristalsis and
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segmentation) and mass movement;
describe the role of each in digestion.
Describe the general structure and
function of the pharynx (see structure
list) and the swallowing process.
Outline the gross anatomy of the
esophagus (see structure list).
Describe the gross and microscopic
anatomy of the stomach (see structure
list).

Describe the structure and functions of
the pharynx and the esophagus (see
structure list).

Describe the anatomy of the stomach
(see structure list), including its
histology, and discuss its roles in
digestion and absorption.

Describe secretions of the following
cells that line to stomach: mucous
surface cells, gastric pits, mucous
neck cells, parietal cells, chief cells,
and enteroendocrine cells. Describe
the regulation of the stomach.
Describe the function of stomach acid
and how it is regulated.
Compare and contrast the anatomy of
the liver, gallbladder, and pancreas (see
structure list).

Describe the structure (see structure list),
functions, and regulation of the
accessory digestive organs.

Describe the bile secretion and
transport. Describe the function of bile
and how it is regulated.
List and briefly define the function of
4 pancreatic enzymes (lipase,
carbohydrase, nuclease, and
proteinase) as well as 2 pancreatic
hormones (insulin and glucagon).
Describe the function of pancreatic
juice and how it is regulated.
Describe the gross and microscopic
anatomy of the small intestine (see
structure list), and then compare and
contrast it to that of the stomach.
Describe the gross and microscopic
anatomy of the large intestine (see
structure list), and then compare and
contrast it to that of the stomach and
small intestine.
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Describe the anatomy and histology of
the small intestine (see structure list),
and explain the functions and regulation
of intestinal secretions.
Describe the gross and histological
structures of the large intestine (see
structure list), including its regional
specializations and role in nutrient
absorption.

Explain the enzymatic digestions of
List the nutrients required by the body,
carbohydrates, lipids, and proteins and describe the chemical events responsible
where each occurs in the digestive tract. for the digestion of organic nutrients,
and describe the mechanisms involved
in the absorption of organic and
inorganic nutrients.
Explain the relationship between
metabolism, catabolism, and anabolism;
and describe the energetics of an
oxidation-reduction reaction.
Describe the basic steps in glycolysis,
the citric acid cycle, the electron
transport chain, and summarize the
energy yield of cellular respiration
(glycolysis and aerobic metabolism).
Describe the changes in the digestive
tract that occur with aging.
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Chapter: The Reproductive System
Human Anatomy
Human A & P II
Human Physiology
List the basic structures of the human
Compare and contrast the general
reproductive system, and summarize the
organization of the male and female
functions of each.
reproductive systems. Describe the
similarities between male and female
systems.
List and define the functions of the
primary reproductive organs and
accessory glands.
Identify and describe the location, gross
anatomy, and histology of the principal
structures of the male reproductive
system (see structure list).
List and label the major components of
the scrotum. Including scrotal cavities,
perineal raphe, tunica vaginalis, dartos
muscle, cremaster muscle, tunica
albuginea, septa, mediastimum, lobes,
seminiferous tubules, straight tubules,
rete testis, effect ductules, and the
ductus deferens.
List and label the major components of
a spermatozoon.
List and describe the functions of the
accessory glands in the male
reproductive system.
Describe the major components of
ejaculate material.
List and label three major regions of the
penis.
Identify the three columns of erectile
tissue and blood vessels that form the
body of the penis.
Describe the sequence of events for an
erection, semen release, and ejaculation.
State the pathway of sperm to
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Describe the structures of the male
reproductive system, and specify the
composition of semen.

fertilization and state where the zygote
is expected to implant.
Describe the importance of testosterone
in sex differentiation.
List the functions of the Sertoli cells.
Name the steps of Spermatogenesis and
list the cells involved in this process.
Identify and describe the location, gross
anatomy, and histology of the principal
structures of the female reproductive
system (see structure list).

Describe the process of
spermatogenesis, and summarize the
hormonal mechanisms that regulate
male reproductive functions.
Describe the anatomy and functions of
the ovaries, the uterine tubes, the uterus,
the vagina, and the structures of the
female external genitalia.

List and label four major regions of the
uterine tubes.
List and label the three layers of the
uterine wall. List the layers of the
uterine wall.
Identify major components of the vagina
and external genitalia.
List 5 major components of the
mammary glands.
Describe the sequence of events in the
Ovarian Cycle and Oogenesis
Including ovarian follicles, primordial
ovarian follicles, FSH, primary
follicles, secondary follicles,
tertiary/mature/Graafian follicles,
ovulation, uterine tube, corpus
luteum.
Describe the functions of the
hormones: GnRH, FSH, LH, Inhibin
for each sex.
Describe how the follicle changes into
the corpus luteum and what are their
functions in the female reproductive
cycle.
Describe the sequence of events in the
Uterine Cycle.
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Describe the ovarian roles in oogenesis,
explain the complete ovarian and uterine
cycles, and summarize all aspects of the
female reproductive cycle.

Include descriptions of the proliferative
phase, secretory phase, and menses.
Explain cyclic variations in plasma
hormone levels that occur during the
menstrual cycle. Describe how these
hormones regulate ovarian and uterine
changes that occur during this cycle.
State the functions of testosterone,
estrogen, and progesterone.
Name the steps of Oogenesis and list the
cells involved in this process.
Compare and contrast the age-related
changes in the male and female
reproductive
systems.
Explain the significance of vaginal
bacteria.
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Appendix C: Anatomical Structures Required for Student Identification in Both
Laboratory and Lecture Assessments.
To be consistent between course approaches, the same structures were required in
human anatomy and the A&P course sequence post-integration with physiology.
Anatomical Terms and Regions List
Anatomical Landmarks
Cephalic – head
Cranium – skull
Facial – face
Frons – forehead
Oculus or Orbital – eye
Auris or Otic – ear
Bucca/ buccal – cheek
Nasus/ nasal – nose
Oris or Oral – mouth
Mentis – chin
Trunk – body less head, neck and limbs
Cervicis/cervical – neck
Acromial – shoulder
Dorsum/dorsal – back
Thoracis/thoracic – chest
Mamma – breast
Abdomen – abdomen
Umbilicus – naval
Pelvis – pelvis
Upper Extremity – upper limb
Axilla – armpit
Brachium/antebrachial – arm
Antecubitis/antecubital – front of elbow
Olecranon – back of the elbow
Antebrachium/antebrachial – forearm
Carpus/carpal – wrist
Palma/palmar – palm
Pollex – thumb
Digits or Phalanx – fingers
Manus – hand
Inguen/inguinal – groin
Pubis/pubic – pubis
Lumbus/lumbar – loin
Gluteus – buttock
Lower Extremity – lower limb
Femur/femoral – thigh
Patella/ patellar – kneecap
Crus/ crural – leg
Sura/ sural – calf
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Tarsus – ankle
Pes – foot
Calcaneus – heel of foot
Planta – sole of foot
Digits or Phalanx - toes
Hallus – great toe
Abdominopelvic Regions – Quadrants
Right & Left Upper Quadrant
Right & Left Lower Quadrant
Abdominopelvic Regions – Anatomical
Right & Left
Hypochondriac Region
Epigastric Region
Right & Left Lumbar Region
Umbilical Region
Right & Left Iliac Region
Hypogastric Region
Directional Terms
Anterior
Posterior
Dorsal
Ventral
Cranial or Cephalic
Caudal
Superior
Inferior
Medial
Lateral
Proximal
Distal
Planes and Sections
Sagittal Plane
Parasagittal Plane
Midsagittal Plane
Frontal or Coronal Plane
Transverse Plane
Body Cavities
Dorsal Body Cavity
Cranial Cavity
Spinal Cavity
Ventral Body Cavity
Thoracic Cavity
Right & Left Pleural
Mediastinum
Pericardial
Abdominopelvic Cavity
Pelvic Cavity
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Integumentary System Structure List
Epidermis
stratum corneum
stratum lucidum
stratum granulosum
stratum spinosum
stratum germinativum/basale
Dermis
papillary layer
dermal papillae
reticular layer
Hypodermis (subcutaneous)
subcutaneous (cutaneous) plexus
Accessory Structures
sebaceous gland
arrector pili muscle
sweat gland
sweat pore
Meissner’s corpuscle (tactile receptor)
Pacinian corpuscle (lamellated receptor)
hair shaft
adipose cells
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Organization of the Skeletal System and Axial Skeleton Structure List
SKULL - Cranial Bones (8 Bones)
Occipital Bone
External occipital protuberance
Occipital condyles
Foramen magnum
Frontal Bone
Supraorbital margin
Supraorbital foramen
Parietal Bones
Coronal suture
Sagittal suture
Squamous suture
Lambdoidal suture
Temporal Bones
External auditory meatus
Styloid process
Mastoid process
Mandibular fossa
Zygomatic process
Sphenoid bone
Optic foramen
Sella turcica
Greater and Lesser wings
Pterygoid process
Superior orbital fissure
Inferior orbital fissure
Ethmoid bone
Crista galli
Cribriform plate
Middle nasal concha
Superior nasal concha
Perpendicular plate
Orbital plate
Facial Bones (14 Bones)
Mandible
Ramus
Condylar process
Coronoid process
Body
Mandibular angle
Mental foramen (foramina)
Mandibular notch
Maxilla
Infraorbital foramen
Zygomatic bones
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Temporal process
Nasal bones
Lacrimal bones
Lacrimal fossa
Palatine bones
Vomer
Inferior nasal concha
Other Skull Bones
Middle ear ossicles
Malleus
Incus
Stapes
Hyoid
VERTEBRAL COLUMN
Cervical vertebrae: 7 bones numbered C1 - C7
Atlas C1
Superior articular surfaces
Inferior articular surface
Facet for odontoid process
Transverse process
Transverse foramina
Vertebral foramen
Pedicle
Lamina
Axis C2
Superior articular surfaces
Inferior articular surface
Body
Odontoid process (Dens)
Spinous process
Transverse process
Transverse foramina
Vertebral foramen
Pedicle
Lamina
Cervical vertebrae C3 - C7
Superior articular surfaces
Inferior articular surface
Body
Spinous process
Transverse process
Transverse foramina
Vertebral foramen
Pedicle
Lamina
Intervertebral foramina
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Thoracic vertebrae: 12 bones named T1 - T12
Superior articular surface
Inferior articular surface
Body
Spinous process
Transverse process
Pedicle
Lamina
Facets for ribs (
articular facets for ribs
Intervertebral foramina
Lumbar vertebrae: 5 bones, named L1 - L5
Superior articular surface
Inferior articular surface
Body
Spinous process
Transverse process
Vertebral foramen
Pedicle
Lamina
Intervertebral foramina
Sacrum: S1 - S5
Body
Ala
Superior articular process (facet)
Sacral canal
Sacral hiatus
Medial sacral crest
Sacral foramina
Coccyx
Ribs
True ribs
ribs 1-7
False ribs
ribs 8-12
Floating ribs ribs 11-12
Head (superior and inferior articular facets)
Neck
Tubercle
Body/Shaft
Costal extremity
Sternum
Manubrium
Jugular notch
Clavicular notch
Facets for ribs
Sternal angle
Body
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Xiphoid process
Fetal Skull
Frontal bone
Parietal bone
Occipital bone
Temporal bone
Nasal bone
Maxillary bone
Mandible
Fontanel
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Appendicular Skeleton Structure List
UPPER EXTREMITY
Pectoral Girdle
Scapula
Superior border
Medial border
Lateral border
Superior angle
Lateral angle
Inferior angle
Acromion process
Coracoid process
Glenoid fossa or cavity
Spine of the scapula
Supraspinous fossa
Infraspinous fossa
Subscapular fossa
Clavicle
Sternal end
Acromial end
Conoid tubercle
Humerus
Head
Anatomical neck
Greater tubercle
Lesser tubercle
Intertubercular groove (bicipital)
Shaft
Deltoid tuberosity
Olecranon fossa
Capitulum
Trochlea
Medial and lateral epicondyle
Ulna
Olecranon process
Radial notch
Trochlear notch
Shaft
Head
Styloid process
Coronoid process
Radius
Head
Neck
Radial tuberosity
Shaft
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Ulnar notch
Styloid process
Carpals
Scaphoid
Lunate
Triquetral
Pisiform
Trapezium
Trapezoid
Capitate
Hamate
Metacarpals
Phalanges (Phalanx)
Proximal
Middle
Distal
LOWER EXTREMITY
Pelvic Girdle
Sacrum
Os Coxa 3 fused bones (ischium, ilium, pubis)
Acetabulum
Obturator foramen
Ilium
Iliac crest
Anterior Superior Iliac Spine (ASIS)
Anterior Inferior Iliac Spine (AIIS)
Posterior Superior Iliac Spine (PSIS)
Posterior Inferior Iliac Spine (PIIS)
Greater sciatic notch
Iliac fossa
Auricular surface
Iliac tuberosity
Iliopectineal line
Ischium
Ischial spine
Lesser sciatic notch
Ischial tuberosity
Ischial ramus
Pubis
Symphaseal surface
Symphysis pubis
Superior ramus
Inferior ramus
Pubic Crest
Femur
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Head
Neck
Greater trochanter
Trochanteric fossa
Lesser trochanter
Gluteal tuberosity
Shaft
Linea aspera
Popliteal surface
Medial and Lateral condyles
Intercondylar fossa
Medial and Lateral Epicondyles
Adductor tubercle
Patellar surface
Patella
Base
Apex
Tibia
Medial and Lateral Condyles
Intercondylar eminence
Anterior intercondylar fossa
Posterior intercondylar fossa
Tibial tuberosity
Shaft
Fibular notch
Articular facet
Inferior articulating facet
Medial malleolus
Fibula
Head
Tibial facet
Shaft
Articulating facet for talus
Lateral malleolus
Tarsals
Talus
Trochlea
Calcaneus
Calcaneal tuberosity
Sustentaculum tali
Navicular
Cuneiforms (3)
Medial (I)
Intermediate (II)
Lateral (III)
Metatarsals
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Articulations Structure List
Skull & Thoracic Joints
Sagittal suture
Coronal suture
Lamboidal suture
Temporomandibular joint
Atlanto-occipital joint
Atlanto-axial joint
Intervertebral joint
Sternoclavicular joint
Sternocostal joint
Vertebocostal joint
Glenohumeral joint (Shoulder)
Coracoacromial ligament
Acromioclavicular ligament
Coracohumeral ligament
Glenohumeral ligament
Elbow joint
Humeroular joint
Humeroradial joint
Articular capsule
Annular ligament
Ulnar collateral ligament
Wrist & Hand joints
Radioulnar joint (proximal, distal)
Radiocarpal articulation
Intercarpal joint
Carpometacarpal joint
Metacarpalphalangeal joint
Interphalangeal joint (proximal, distal)
Pelvic Joints
Sacroiliac joint
Pubic symphysis
Sacrococcygeal joint
Ischiofemoral ligament
Iliofemoral ligament
Pubofemoral ligament
Actebulofemoral joint
Knee joint
Tibiofibular joint (proximal, distal)
Tibial collateral ligament
Fibular collateral ligament
Medial meniscus
Lateral meniscus
Patellar ligament
Anterior cruciate ligament
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Posterior cruciate ligament
Ankle & Foot joints
Talocrural joint
Intertarsal joint
Tarsometatarsal joint
Metatarsalphalangeal joint
Interphalangeal joint (proximal, distal)
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Axial Muscles: Structure, Origin, Insertion and Action List
Muscles of the Head and the Neck
Cranial, Face, Eye,
Origin
Insertion
Description/Action
and Neck
Bone/marking Bone/marking
Skin of eyebrow
Occipitofrontalis
Raises eyebrows,
Epicranial
and bridge of
frontal belly
wrinkles forehead
aponeurosis
nose
Medial margin Skin around
Orbicularis Oculi*
Closes eye
of orbit
eyelids
Levator Labii
Superioris*

Elevates upper lip

Inferior margin
of orbit

Orbicularis oris

Depressor Labii
Inferioris

Depresses lower lip

Mandible

Skin of lower lip

Maxilla and
Mandible

Lips

Mandible

Skin of chin

Compresses, purses
lips
Elevates, everts, and
Mentalis
protrudes lower lip
(pouting)
Bilaterally, flex neck
Unilaterally, laterally
Sternocleidomastoid*+
flex neck and turns
face to opposite side.
Inferior rectus
Eyes looks down
Medial rectus
Eye looks medially
Superior rectus
Eye looks up
Lateral rectus
Eye looks laterally
Eye rolls, looks up
Inferior oblique
and laterally
Eye rolls, looks down
Superior oblique
and laterally
Elevates corner of
Zygomaticus major
mouth and draws it
laterally
Orbicularis Oris*

Sternal end of
clavicle and
manubrium of
sternum
Sphenoid
Sphenoid
Sphenoid
Sphenoid
Maxilla
Sphenoid

Inferior surface
Medial surface
Superior surface
Lateral surface
Inferior/Lateral
surface
Superior/Lateral
surface

Zygomatic
bone

Muscles at angle
of mouth
Upper lip

Zygomaticus minor

Elevates upper lip

Zygomatic
bone

Muscles of
Mastication

Description/Action

Origin Bone

Temporalis

Elevates/closes jaw

Masseter+

Elevates mandible
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Mastoid process
temporal bone

Insertion
Bone/marking
Coronoid
Temporal bone process of
mandible
Angle/ramus of
Zygomatic arch
mandible

Muscles of the Vertebral Column, Abdomen, and Pelvis
Muscles of
Origin
Insertion
Description/Action
Respiration
Bone/marking
Bone/marking
When contracted, it
flattens and increases
vertical dimension of
Xiphoid process of
Central Tendon
thoracic cavity for
sternum/costal
(towards the
Diaphragm* inhalation. When
cartilage
center of
relaxed, it moves
ribs/Lumbar
diaphragm)
superiorly and decrease vertebrae and discs.
vertical dimension of
cavity for exhalation.
When contracted, they
elevate ribs and increase
anteroposterior
dimension of thoracic
External
Inferior border of rib Superior border
cavity for inhalation.
Intercostals
ABOVE
of rib BELOW
When relaxed, they
depress ribs and
decrease dimension of
cavity for exhalation.
When contracted, draws
adjacent ribs together to
Internal
Superior border of
Inferior border of
decrease dimensions of
Intercostals
rib BELOW
rib ABOVE
cavity during FORCED
exhalation.
Abdominal
Muscles

Origin
Bone/marking
Pubic crest/pubic
Symphysis of
Pubis/Os Coxa

Description/Action

Flexes vertebral column
Rectus
and compresses
Abdominis*+
abdomen
Acting together
(bilaterally)-compress
abdomen/flex vertebral
column. Acting
External
separately (unilaterally)- Ribs 5-12
Oblique*
lateral flexion of the
vertebral column and
rotates column to the
opposite side

321

Insertion
Bone/marking
Ribs 5-7/Xiphoid
process of
sternum

Iliac crest of
Ilium/Os Coxa
and linea alba
(midline)

Internal
Oblique

Acting together
(bilaterally)-compress
abdomen/flex vertebral
column. Acting
Iliac crest of
separately (unilaterally)Ilium/Os Coxa
lateral flexion of the
vertebral column and
rotates column to the
same side.

Transverse
Abdominis

Compresses abdomen

Iliac crest of
Ilium/Os Coxa and
ribs 5-10

Back
Muscles

Description/Action

Origin
Bone/marking

Erector
Spinae*

When contracting
together (bilaterally)they extend the vertebral
column and maintain
posture. When
contracting separately
(unilaterally)-they rotate
and laterally flex the
vertebral column.

Large muscle group
extending from
sacrum to the base
of the skull. They
attach to the
vertebrae and ribs
along the way.
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Ribs 9-12, linea
alba, and costal
cartilage 8-10

Xiphoid process
of sternum, linea
alba (midline),
and pubis/Os
Coxa
Insertion
Bone/marking
Large muscle
group extending
from sacrum to
the base of the
skull. They
attach to the
vertebrae and
ribs along the
way

Thorax
Muscles

Appendicular Muscles: Structure List
Muscles of the pectoral girdle and upper limb
Origin
Description/Action
Bone/Marking

Insertion
Bone/marking
Greater
Clavicle/sternum/cost tubercle/intertu
al cartilage of ribs 2- bercular
6
groove of the
humerus
Intertubercular
Spinous processes
groove of the
T7-L5/sacrum
humerus

Pectoralis
Major*

As a wholeflexes/adducts/internally
rotates the shoulder.

Latissimus
Dorsi*

Extend/adducts/internall
y rotates the shoulder.

Trapezius*

Superior portion-rotate
scapula upward, middle
portion-adduct scapula,
inferior portion-depress
scapula. Togetherstabilize scapula.

Occipital
bone/spinous
processes of C7-T12
(mostly thoracic
vertebrae)

Clavicle/acrom
ion/spine of
scapula

Shoulder
Muscles

Description/Action

Origin
Bone/marking

Insertion
Bone/marking

Deltoid*

Lateral fibers-abduct
humerus, anterior fibersflex, and internally
rotate humerus, posterior
fibers- extend and
externally rotate
humerus.

Acromial end of
clavicle
(anterior)/acromion
process of scapula
(lateral)/spine of
scapula (posterior).

Deltoid
tuberosity of
Humerus

Supraspinatus
(RC)*

Assists Deltoid in
abduction of shoulder

Supraspinous fossa
of scapula

Infraspinatus
(RC)*

Externally rotates
shoulder

Infraspinous fossa of
scapula

Teres Minor
(RC)

Externally rotates
/extends shoulder

Lateral border of
scapula

Subscapularis
(RC)

Internally rotates
shoulder
Extends shoulder and
assists in
adduction/internal
rotation

Subscapular fossa of
scapula

Teres Major*

Inferior angle of
scapula
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Greater
tubercle of
humerus
Greater
tubercle of
humerus
Greater
tubercle of
humerus
Lesser tubercle
of humerus
Intertubercular
groove of
humerus

Upper Arm
Muscles

Description/Action

Biceps
Brachii Long
Head*

Flexes elbow/flexes
shoulder/supinates
forearm

Biceps
Brachii Short
Head*

Flexes elbow/flexes
shoulder/supinates
forearm

Coracoid process of
scapula

Radial
tuberosity of
radius

Brachialis*

Flexes elbow

Distal/anterior shaft
of humerus

Ulnar
tuberosity/coro
noid process of
ulna

Triceps
Brachii-Long
Head*

Extend elbow and
shoulder, adduction of
shoulder

Triceps
BrachiiLateral
Triceps Head*

Origin
Bone/marking
Tubercle above
glenoid fossa of
scapula (supraglenoid
tubercle)

Extend elbow

Tubercle inferior to
glenoid fossa
(infraglenoid
tubercle) of scapula
Posterior/lateral
surface humerus

Insertion
Bone/marking
Radial
tuberosity of
radius

Olecranon
process of ulna
Olecranon
process of ulna

Extend elbow

posterior surface of
humerus

Olecranon
process of ulna

Superficial,
Anterior
Forearm
Muscles

Description/Action

Origin
Bone/marking

Insertion
Bone/marking

Brachioradiali
s*

Flexes arm at elbow.
Brings arm to mid-prone
position

Pronator
Teres*

Pronates forearm and
flexes elbow

Palmaris
Longus*

Weakly flexes wrist.

Flexor Carpi
Radialis*

Flexes and abducts wrist
in the radial direction

BrachiiMedial Head*
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Base of styloid
Lateral supracondylar
process of
ridge of humerus
radius
Medial epicondyle of
Middle/lateral
humerus/coronoid
shaft of radius
process of ulna
Flexor
retinaculum
Medial epicondyle of and palmar
humerus
aponeurosis
(fascia in
center of palm)
Medial epicondyle of Metacarpals
humerus
(II, III)

Flexor Carpi
Ulnaris*

Flexes and adducts wrist
in the ulnar direction

Medial epicondyle of
humerus

Pisiform,
hamate and
metacarpal V

Flexor
Digitorum
Superficialis*

Flexes middle phalanges
(interphalangeal,
metacarpophalangeal
joints) and flexes wrist.

Medial epicondyle of
humerus/coronoid
process of ulna/
lateral and anterior
surface of radius and
ulna

Middle
phalanx of
each finger

Superficial,
Posterior,
Forearm
Muscles

Description/Action

Origin
Bone/marking

Insertion
Bone/marking

Extensor
Digitorum*

Extends distal and
middle phalanges
(interphalangeal,
metacarpophalangeal
joints) and extends
wrist.

Lateral epicondyle of
humerus

Distal and
middle
phalanges of
each finger

Deep,
Anterior,
Forearm
Muscles

Description/Action

Origin
Bone/marking

Insertion
Bone/marking

Pronator
Quadratus

Pronates forearm

Distal shaft of ulna

Distal shaft of
radius

Deep,
Posterior,
Forearm
Muscles

Description/Action

Origin
Bone/marking

Insertion
Bone/marking

Supinates forearm

Lateral epicondyle of
humerus and ridge
near radial notch of
ulna (supinator crest)

Proximal/latera
l shaft of
radius

Supinator

Muscles of the Pelvic Girdle and Lower Limb
Muscles of Pelvic Description/Action Origin
Insertion
Region
Bone/marking
Bone/marking
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Iliopsoas group
Psoas Major*

Psoas major, minor
and Iliacus
Psoas and iliacus
acting together-flex
hip/externally

Transverse
processes and
bodies of lumbar
vertebrae
Psoas and iliacus
Transverse
acting together-flex processes and
hip/externally rotate bodies of Iliac
hip/flex vertebral
fossa of Ilium/Os
column
Coxa and sacrum

With iliacus to
lesser trochanter of
femur

Gluteus
Maximus*

Extends
hip/externally
rotates hip

IT band/gluteal
tuberosity of femur

Tensor Fascia
Latae*

Flexes/abducts hip

Medial Thigh
Muscles
Gracilis*

Description/Action Origin
Bone/marking
Adducts
Body and inferior
hip/internally
ramus of pubis/Os
rotates and flexes
coxa
knee
Adducts
Inferior ramus of
hip/anterior
pubis and
portion-flexes
ischium/ischial
hip/posterior
tuberosity
portion extends hip
Adduction/flexion/e Pubic crest/pubic
xternal rotation of
symphysis of
hip (open chain)
Pubis/Os coxa
Adduction/flexion
Inferior ramus of
of hip
pubis

Insertion
Bone/marking
Medial shaft of
tibia

Description/Action Origin
Bone/marking
Weakly flexes knee Anterior Superior
and weakly
Iliac Spine of
flexes/externally
Ilium/Os Coxa
rotates hip

Insertion
Bone/marking
Medial shaft of
tibia

Iliacus*

Adductor
Magnus*

Adductor
Longus*
Adductor Brevis*

Anterior Thigh
Muscles
Sartorius*
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Iliac crest of
ilium/Os
Coxa/sacrum/cocc
yx
Iliac crest of
ilium/Os coxa

With psoas major
to lesser trochanter
of femur

Tibia via IT band

Linear aspera of
femur

Linea aspera of
femur
Linea aspera of
femur

Rectus Femoris*

All four quads
extend the knee.
The rectus femoris
also flexes the hip.

Anterior Inferior
Iliac Spine of
Ilium/Os Coxa

Patella and tibial
tuberosity of tibia
via patellar
tendon/ligament

Vastus Lateralis*

All four quads
extend the knee.

Greater trochanter
and linea aspera of
femur

Patella and tibial
tuberosity of tibia
via patellar
tendon/ligament

Vastus Medialis*

All four quads
extend the knee.

Linea aspera of
femur

Patella and tibial
tuberosity of tibia
via patellar
tendon/ligament

Vastus
Intermedius

All four quads
extend the knee.
Deep to rectus
femoris.

Anterior/lateral
surface of femur

Patella and tibial
tuberosity of tibia
via patellar
tendon/ligament

Anterior Crural
Muscles
Tibialis Anterior*

Description/Action Origin
Bone/marking
Dorsiflexes/inverts Lateral
ankle
condyle/body of
tibia and
interosseous
membrane
Dorsiflexes
Lateral condyle of
ankle/extend
tibia/body of
middle and distal
fibula/interosseous
phalanges of toes
membrane
(interphalangeal,
metatarsophalangea
l joints)

Insertion
Bone/marking
Metatarsal I and
medial cuneiform

Description/Action Origin
Bone/marking
Flexes knee/extends Ischial tuberosity
hip
of Ischium/Os
Coxa
Flexes knee/extends Linea aspera of
hip
femur

Insertion
Bone/marking
Head of
fibula/lateral
condyle of tibia
Head of
fibula/lateral
condyle of tibia
Proximal/medial
shaft of tibia

Extensor
Digitorum
Longus*

Posterior Thigh
Muscles
Biceps FemorisLong Head*
Biceps FemorisShort Head
Semitendinosus*

Flexes knee/extends Ischial tuberosity
hip
of Ischium/Os
Coxa
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Middle and distal
phalanges of toes

Semimembranosu
s*

Flexes knee/extends Ischial tuberosity
hip
of Ischium/Os
Coxa

Medial condyle of
tibia

Lateral Crural
Muscles
Peroneus
(Fibularis)
Longus*
Peroneus
(Fibularis) Brevis

Description/Action Origin
Bone/marking
Plantarflexes/everts head/body fibula
ankle

Insertion
Bone/marking
Metatarsal
I/medial cuneiform

Plantarflexes/everts
ankle

Base of metatarsal
V

Superficial,
Posterior,
Crural Muscles
Gastrocnemius*

Description/Action Origin
Bone/marking

Insertion
Bone/marking

Plantarflexes
ankle/flexes knee
Plantarflexes ankle

Lateral and medial
condyle of femur
Head of
fibula/medial
border of tibia

Calcaneus via
Achilles tendon
Calcaneus via
Achilles tendon

Description/Actio
n
Flexes
knee/internally
rotates tibia to
unlock extended
knee
Tibialis Posterior* Plantarflexes
ankle/inverts foot

Origin
Bone/marking
Lateral condyle of
femur

Insertion
Bone/marking
Proximal tibia

Soleus

Deep, Posterior,
Crural Muscles
Popliteus

Flexor Digitorum
Longus*

Plantarflexes
ankle/flexes distal
and middle
phalanges
(interphalangeal,
metatarsophalangea
l joints)
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Body of fibula

Tibia/fibula/interos Metatarsals (II-V)
seous membrane
and
navicular/cuneifor
ms/cuboid
Posterior tibia
Distal phalanges of
toes

Nervous System Structure List
Students have to identify the following structures in models (2-D plates and 3-D
models), as well as on the sheep brain or Syndaver (marked with an *). Students need
to identify the cranial nerves, know their number, as well as know their innervations.
Brain
*Cerebrum (Telencephalon)
cerebral hemisphere
*corpus callosum
lateral ventricles
choroid plexus
*gyri
*sulci
longitudinal fissure
transverse fissure
*frontal lobe
*parietal lobe
*occipital lobe
*temporal lobe
Epithalamus
*pineal gland
third ventricle
thalamus (diencephalon)
hypothalamus
infundibulum
pituitary gland
*optic chiasma
optic tract
*mammillary body
Midbrain (mesencephalon)
*corpora quadrigemina
*superior colliculi
*inferior colliculi
*Cerebellum (metencephalon)
*arbor vitae
cerebral aqueduct
*Pons (metencephalon)
fourth ventricle
*Medulla oblongata (myelencephalon)
Cranial Nerves
*Olfactory I
*Optic II
*Occulomotor III
Trochlear IV
Trigeminal V
Abducens VI
Facial VII
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Vestibulocochlear (Acoustic) VIII
Glossopharyngeal IX
Vagus X
Accessory (Spinal Accessory) XI
Hypoglossal XII
Spinal cord
anterior horn
posterior horn
gray commissure
gray matter
white matter
dorsal root ganglion
ventral root
central canal
epidural space
dura mater
arachnoid mater
subarachnoid space
pia mater
Plexuses
cervical plexus
phrenic nerve
brachial plexus
axillary nerve
musculocutaneous nerve
lumbar plexus
sacral plexus
Spinal Nerves
*ulnar nerve
*median nerve
*radial nerve
*femoral nerve
*sciatic nerve
*tibial nerve
peroneal (common fibular) nerve
*cauda equina
filum terminale
sympathetic chain
Sympathetic Division
sympathetic chain
sympathetic ganglia
collateral ganglia
splanchnic nerves
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Anatomy of the Heart Structure List
*also identify on dissected heart
Heart
myocardium
superior vena cava
inferior vena cava
*right atrium
tricuspid valve
*right ventricle
*pulmonary (semilunar) valve
pulmonary trunk
pulmonary arteries
*left atrium
pulmonary veins
bicuspid (mitral) valve
*left ventricle
*aortic (semilunar) valve
*aorta
aortic arch
descending aorta
pectinate muscles
trabeculae carnae
*papillary muscles
*chordae tendineae
*interventricular septum
interatrial septum
coronary artery
*base
*apex
Fetal heart
ductus venosus
ductus arteriosus
foramen ovale
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Anatomy of the Systemic Circulation Structure List
Locate and identify structures of the venous (v) and arterial (a) system using models.
Vessels marked with an asterisk (*) should be also be identified in the SynDaver
models.
Veins (v) and arteries (a)
internal carotid a.
internal jugular v.
external carotid a
*external jugular v.
*brachiocephalic (a. & v.)
*subclavian (a. & v.)
*common carotid (right and left) a.
*superior vena cava
thoracic aorta
*inferior vena cava
*abdominal aorta
celiac trunk
hepatic a.
left gastric a.
splenic a.
superior mesenteric a.
inferior mesenteric a.
hepatic v.
renal (a. & v.)
Axillary (a. & v.)
Brachial (a. & v.)
*Radial (a. & v.)
*Ulnar (a. & v.)
(Superficial) palmar (a. & v.)
*common iliac (a. & v.)
external iliac (a. & v.)
internal iliac (a. & v.)
*femoral (a. & v.)
hepatic portal system
superior mesenteric v
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Digestive System Structure List
Structures marked with an asterisk (*) should also be identified on SynDavers.
Digestive Tract
Teeth
*incisor
*canine (cuspid)
*premolar (bicuspid)
*molar (tricuspid)
oropharynx
tongue
esophagus
Stomach
*greater curvature
*lesser curvature
cardia (gastric region)
fundus
body
pylorus
rugae
pyloric sphincter
muscle layers
longitudinal
circular
oblique
*Small intestine
duodenum
jejunum
ileum
ileocecal valve
*Large intestine
cecum
*ascending colon
*transverse colon
*descending colon
sigmoid colon
haustra
*(vermiform) appendix
rectum
*anus
anal sphincter
Accessory Digestive Organs
salivary glands
parotid gland
submandibular gland
sublingual gland
*pancreas
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pancreatic duct
*Liver
*right lobe
*left lobe
falciform ligament
round ligament
hepatic duct
*Gallbladder
cystic duct
common bile duct
Support Tissue
*greater omentum
mesentery
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Respiratory Structure List
Structures marked with an asterisk (*) also identify on the SynDaver models.
*external nares
Nasal vestibule
Nasal cavity
Nasal conchae
*oral cavity
Hard palate
Soft palate
Uvula
Pharyna
Nasopharynx
Oropharynx
*tongue
Laryngopharynx
Epiglottis
*hyoid
Larynx
*vocal folds
Cricoid cartilage
Thyroid cartilage
*trachea
Tracheal cartilage
Primary bronchi
Lobar bronchi
Lungs
*right lung lobes
Superior lung lobe
Middle lung lobe
Inferior lung lobe
*left lung lobes
Superior lung lobe
Inferior lung lobe
Alveoli
*diaphragm
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Anatomy of the Urinary System Structure List
Structures marked with one asterisk (*) also identified during the kidney dissection.
Structures marked with two asterisks (+) also identified on the SynDaver models.
+Kidney
*cortex
*medulla
*calyx (calices)
*renal papilla
*renal columns
renal artery
renal pyramids
*renal pelvis
renal vein
nephron
renal corpuscle
afferent arteriole
glomerulus
glomerular (Bowman’s) capsule
capsular space
efferent arteriole
proximal convoluted tubule
loop of Henle
distal convoluted tubule
collecting duct
*+Ureter
+
Urinary bladder
rugae
ureteral openings
+
Urethra
internal urethral sphincter
external urethral sphincter
male urethral division
prostatic urethra
membranous urethra
spongy urethra
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Reproductive System Structure List
Structures marked with an asterisk (*) also identified on the SynDaver models.
Female Reproduction
*ovary
*uterine (fallopian) tube
*fimbriae
infundibulum
ampulla
isthmus
*Uterus
perimetrium
myometrium
endometrium
uterine cavity
*Cervix
*Vagina
Male Reproduction
*scrotum
testes
seminiferous tubules
epididymis
ductus (vas) deferens
seminal vesicle
*prostate gland
ejaculatory duct
bulbourethral gland
*penis
Pregnant Uterus
uterus
placenta
umbilical cord
fetus
Stages of Birth
full term pregnancy
dilation
expulsion 1
expulsion 2
placental
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